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PREFACE  TO  THE  EIGUTU  EDITION. 


I  ntn  nut  cuiutent  Up  umlnrtttko  tlic  labour  of  trsniiluUn^  and  editing 
till-  ■'Tlt-ViTfe  fiLtMEXTAlKK  l)E  PHVSiyrE"  of  Professor  P«.wd»aael 
until  a  (suvful  cxaminatioa  liad  contiiioeii  me  ttinl  it  wns  better 
fflAptod  to  tlie  requii'eniciits  of  my  own  class  of  Expeiiiiionul 
PhjHics  tban  nny  otber  work  with  which  1  wiw  acquainted;  anil 
in  oxocutiug  tltc  traiL'^lation  I  steadily  kept  this  asu  in  viuw,  believ- 
ing that  I  W4W  tliuB  adopting  Uiu  surest  mt-ana  of  niui-ting  tlio 
v/iuitA  of  teachent  gvuurally. 

In  th«  first  eilition,  the  earlier  portions  consiMtol  of  a  pretty  cIo«u 
troiiHliitioD  from  the  Fiy^nch;  but  an  Uic  ^vork  progi-etii^d  1  Found 
tb"  ailvanta^  of  introducing  more  cuii»idoniblu  modilicationH;  and 
['artM  in.  and  IV.  were  to  a  great  extent  rewTitten  rather  than 
LmuslaU.'d  In  the  sixth  edition  tlio  earlier  portions  of  the  book 
vfvn  in  like  manner  rowritten,  and  the  sectiouH  tbi-oughout  wore 
numlo-rcil  afresh,  wivcral  additional  subjevt^  being  at  (lio  same  time 
intri>diice<l:  and  in  place  of  the  "  Prubleiiw "  (translutvd  from  the 
Freneli)  whidi  appctircd  in  »ouie  of  the  carli'r  edition*,  a  copious 
coUcotion  of  chmsiticd  Examples  waa  intro<luc«d,  with  Answent 
appended. 

The  murks  of  dUtinctton  which  were  made  in  t]ie  earlier  editions 
belweco  new  and  old  ftocUons  arc  now  flropped;  but  Professor 
Deaclianul'-i  foot-iiotf«  ar«  still  diistiii^uiahcd  by  the  iuitial  "  D." 

All  acatimt«  Btateiiivnt«  of  ([uantltiM  linve  ham  given  in  tlie 
CQ.S.  ((>fitiiin'ti-e-<iraiiiiii(-S.-ci.nii)  syNtcm,  which  by  rcusoti  of 
ita  nimplicity  anil  of  tlic  winctton  which  it  hna  received  fmm  the 
Uriliah  AxNocintion,  th<>  Physical  Society  of  LiOu<lo»,  and  tlio  Intciv 
national  t  ongnsw  of  Electrician*  at  Parin,  i»  coming  every  day  into 
more  g(^m:ral  usi-;  but  rouyli  .ttjitoinenta  of  <(uantity  have  yeneraUy 
bocQ  oxpreased  in  Britit«li  unitA  as  being  more  familiar.  A  ooniplot« 
table  for  Oie  conversion  of  French  and  Knglisli  meoaurea  will  be 
iVmnd  at  the  cud  of  the  Tabic  of  CSontonte. 
bMUJM.  X*t^»Ur,  US4. 
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neMM  at  UmrttW  niKneUHi,  81S.  BrUUt  A«odi*tiMi  cxpniDMOt.  813.  SM-m- 
duelioa, 811.  BdibmkatffimlL8l&  IUnMfc,61IL  MwhifelBmBtttdM—tBIT. 
tepoiliwti  ol  0*nM  Md  Do  b  Bn«  SIS.  Adkn  at  nugai^  en  tba  dbeltnn 
Bl£  Mipulo  tlMtTloiMdJiM^aatL  ClMh*'«teSL  nolmMuulAIIbMainMMDiM, 
832.  Smmii^  HU»tiii«k  Ml  Vldo^  macUMt  824.  DrDMno.«leetilo  f-"*'^'^ 
830.  I*UXS1&  Bkmtm', W7.  Gnmw'^n&  WbMUtaiu^ tttenpUe ew- 
IMd^  828.  Anfoli  nUtkoiv  SW:  Otfficr  dMnpcH  Mid  Frmhyli  eoK  811- 
EkiAM-MtdlMl  iBMkdiic%  88&    linso  «f  («m«  lanlvo  no  hrpothcit^  Ml, 

pp.  771-80.V 

CRunn  LX.    BLECTItlO  TBLE0BAPH8. 

HMon,  8S4.    BMtori«s8M.    Vina :  No  Man  »ir«  neeib^  888.    8h(b-Modlo  tOf- 
rnah,  837.     DU  Ultmpbi;  BtMiMt'*,  6SS,  8Ml    Aknun,  BIO.    Wb<aMoo«'« 
niriMMlt«lwM|ih,84L  Uon«^  toGsMfih  wd  dpUM,  843.  lUUy.SIS.  BachM' 
,Ut.  B«ln'a«lMli».olMnbMlubBnv^8UL  CwcUi'i  MtofnipUt 
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parlt  wiMng  t«l<(nailL  U7.  enlnnMin*  Mlagnohjri  B«tud»- 
tioBJ  flmnnB'b  neilWic  l—mi— J^  US.  WbckMoM't  MttoaMia  (jttm  wM 
•pceUB<n,HB.  DufiJa UtcgT^ihr, 800.  <)M«dniiJnte1i«nipb]r,8£0*.  tfi.lM-8Sl. 


OuTTU  LXL    MI80ELt.ANEOp8  APPLICATIONS  OF  KLECTEICITY. 

Bwteo-mMartte  twgfawt,  Sfil.   Siomoitf'wMl  (in>aunaVi)2S   FronMit'i,  6SS.  Mbibtan 
MwlaMi  Kbrtrto  pen,  8ML    OoirtnJIad  eUlci^  SS7.    T.Jttihon*,  858.    MlMvnhn^ 
ISik    Ulamhaaia  UMMiitbm  880.    ImIoiUm.  Muoc,  8S1.    UMtrio  Ikhl)  Bo- 
UtfawoltboarlMaikStS.    Chivoelw  ot  tite  Hfhl  Mid  dUBedtUfc  »6&     fSacMh*!  ' 
wmliinr,  884.    JkhtotfibC*  lyUoni^  My    IpOMtifateanl  \»mm,  68SA. 

PP.SXI-M8 

AmsDix.    SLBCnUCAI.  AND  UAONETIO  UNIT3. 

UrfhiniItolMdMito(l)-'^-  Dbtyuubaui,  H).  Mwhiwlo*!  imlw, (SI-QQ).  Electro 
■U*,(ll)-(13t.  KlMtm«u«n«ti» nalu^ (U)-IM).  ConqiMtean  «( lb*  two nU 
,  n»j-(II).    BMIa  of  Iho  tiro  oniti  U  mtiMtj  b  lb*  wltaUy  ol  llgM,  m\ 

pp.  U7-8d2 
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PART  IV. 


ni  Kmarat  urm  n  tin  Mdion. 


ACOUSTICS. 


Lxn.   pnoprci'ioN  and  propaoation  op  sonTax 

1  nHulU  bom  TlbnUry  nanaiML  Kiwnplot  Mid  AttatMoui,  346.  Muiical  tomi. 
a*7.  VaUd*  «f  •oniul,  8a«.  Un1»  id  proiMgalkti.  BtUtko  botwoM  periwi,  w*ve- 
Uaglh,  mtti  vilodly  of  iinip«it*Ui]|i,  6^9.  DndaUtka  ooiuidvnl  gvOfutrioidlr  t  For- 
ward Mlaall7  «r  paiticle  ptoportloiul  to  lu  BanJwHwi.  fe'O.  Propai^tlua  In  «pm 
■pasib  I«T«(M  iquani.  Piopig^tiao  to  tube*  Energr  of  undiiUtkini,  871.  Db- 
•ipatl«i:CMTc«*kinlstohMl,S7I.  Vdodly  ofMund  in  aii;  Modaid  oUviiln;,  Mul 
nmhih>T3.  ThMntia«looiitpDUtlan,S7t-8;e.  Novtan  and  Lapluoc^  8i>.  Vdo- 
dly  tn  (Mc^  4TS.  In  Uqnidik  OoUadoii'i  rapefinant ;  Itwontioal  oompaUtion.  8TA 
In  tolbU.  81m'*  txpoHMU.  WtMluisi'i  tMulu,  HSO.  Tli«M«Ueal  coiujiutaUoii, 
OSL.  BaHecctaa  ol  toiud,  ud  ScokUwiii'  expertnuit  im  rafmctlon  of  tound,  882, 833. 
EolutSN.  8p*ikla(  and  bawinf  tnuapMa^  MSl  Inirrfnmioa  «f  (ouadi,  SSO.  In- 
lolwwaa  of  dtact  isd  ntfaeted  waiia.    Kodo*  and  auttnodea,  887.     Bnla,  M8, 

NotaA.    BnUna^  bvMllBMtMk. pp.8>3,SM. 

KaU  B.    Vraal  bvartlfatioa  at  nloeit:r  of  awtod, p,  SM. 

Kola  C    Aiulj-ab  of  tUtiooaij  anduIaUon, PP^  8M,  SHk 
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pitoh,  and  ahMMUr.  FiUbdopMdiMifaaqMnoy.SS*.  UutiMtl faiUrvab, 8Mi 
OanaUCVl.  Ttaait^nmmA.  AbadMo pheb,  ttS.  UulUar  pMcbln  nmiicaM;.. 
aOMr  a««a  PytlM8«r«Mi  aeala^  8M.  M«tlwib  of  oouating  vibntiana.  aiitn,  8U. 
vn(nM<^  Md  PhMU«M9n(di.  8M.  TonaiMtor.  897.  Ptt«k  KwdUad  bj  appiaaeh 
SH^ pp.  SB8-S06. 


durm  IJtrr.    MOVES  OP  VIBRATION. 

LoMflbidbial  aud  tnuidiena  ribmlont,  S0>.  TMurtna  vibiatloni  of  atncga,  900.  Tbair 
Imw,  HI.  SonouHtor,  W3.  Uanandcat  StgBMDtal  vibration  of  Urin^  909. 
SljapaUiuUa  Tlbratloaa  m  namanca;  S<nUidi»|.fcoaidi,  SOi.  Longltadlnal  *ibra- 
tkaa  of  atriHS^  VOS,  Stnasad  tartraiiMnKWt-  Tranaranal  tibndiou  <<  acUdai,  j 
Ohkdnra  tftam;  Ball*,  M7.  'I'lmu^fMli,  908.  U«  of  UiVMr  dloMitfoa^  909. 
Oiitaa.ptpa^  Mt4  aapoliaitttal  ncgao,  9I(M1S.  BacnoBiDi'a  law*  Far  OTMtooM  «( | 
Idpai^fll.  pMitian  at  Nodca  and  aatinodat.  91*.  ExplaBalloD.  616.  Aial'^ooa 
bm  lor  podi  and  Mriaf^  910.  ApftUcatiM  to  iiiea«at<cmcot  ol  valooU;  of  aound  In 
ntiom  ~»i'-r"— ,  917.  Bacd.plpca.  918.  WiiiJ-iMtnuaanla,  919.  ManouMno 
,  van I'p.  908-92*. 
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Cbaptbb  LXV.     analysis  OP  VIBRATIONS.     CONSTITUTION  OJ 

SOUNDS. 

Optlc&I  eiuninntlnn  of  101101111111  vibiatioiu,  021.  LiaMJoui'  eiperimeDt.  Equktioni  of 
Uiujotu'  curves,  922.  Optical  tuniDg,  923.  Othar  model  of  obtuniitg  liukjoni' 
curTM.  Kftleiil'iplioDe  And  BUckbum'a  pendulum,  921.  Chancier  or  lini&rc.  Every 
periodic  vibratiori  conBiAts  of  m  fundaiueatikl  Hintple  vjbrfttioD  Kod  iti  humonia,  and 
every  muiicftl  note  cotuiite  of  >  funduoentel  tone  ud  iti  hkrnioiuoi,  92G.  Helm- 
hdU'i  reiOD.ituiis  926.     Vowelioiuida,  937.    Fhonognph,  92S,.    .    pp.  927-BlO. 

Curm  LXVL     CONSONANCE,   DIBSONANCt:,   AND  RESULTANT 

TONEa 

Conooid  and  ditcurd,  BZ9.     Helmholtz'a  theory,  930.     Beati  ot  harmoniei,  931.    Butiiii; 

note*  muat  be  ncu  in  pitcb,  93^   Imperfect  concord,  933.  BeauJtuit  tone*,  934,  93J, 

pp.  911-910. 

OPTICS. 

CsAPnk  LXVII.    PROPAGATION  OF  LIOUT. 

light.  Eypotbciii  of  cether,  93S.  EiceniTe  frequency  of  vibrvtion.  Bharpnca  of 
■badowa  due  to  ahortneea  of  wavei,  937.  Images  prodacuii  by  unAll  apeiturei,  B33. 
Shadowe.  Umbm  and  penacibra,  939.  Velocity  of  light,  9J0.  Fiicau'i  experiment 
and  Comu's,  911.  Foucault'i  eiperimont,  912.  Michelion's,  91S.  EclipKi  of  Jnpi- 
ter'i  utellitei,  911.  Aberration,  915.  Photometry,  916.  Bouguer's  phobmeter,  917. 
Rumtord'i,  918.  Foucault'i,  ^19.  Buiueo'i  and  Lctbaby'i,  9Sa  Photnmeter*  for 
very  powerful  ligbU,  9S1 pp.  S17-9M. 

Cbaptir  LXVIII.    ItEFLEOTlON  OP  LIGHT. 

ReSectioD,  952.  Ite  lawi,  953.  Artificial  horizon,  951.  Irregular  rcflcctian,  055.  Mir- 
ror*. 05fl.  Plane  mirron,  957.  Imagcn  of  imsgei,  95S.  Parallel  mirran,  959. 
Hirrot*  at  right  angles  9S0.  Mirron  at  60',  961.  Kaleidoecope,  962.  Pepper'a 
ghett,  963,  1>eviatioil  produced  by  rotation  of  mirror,  961.  Sextant,  96C.  Spheri. 
cil  mirron,  960.  Conjugate  foci,  967.  Principal  tocni,  96S.  March  of  oonjugatc 
foci,  969.  Cunitniction  for  image,  970.  Sin  of  image,  971.  Phantom  bouquet,  972. 
Image  on  icreen,  973.  Caustice,  jiiiiiai;  and  secondary  fuci,  971-  Two  focal  linea, 
975.  Virtual  imagm,  97)1,  077.  (Jouvui  mimin,  B7S.  Cyiindiie  mirron.  AnamoT' 
pboii,  979.     l.'plithalutoncupe  and  Luyngoacope,  9SU pp.  967*991. 

Chaptib  LXIX.     refraction. 

ItafiBctlan,  9S1,  l'&2.  Its  lawi,  9S3.  Apparatui  for  lurifioation,  S81,  9S5.  Indicca  of 
refraction.  !I86.  Critical  ati^-Ie  and  total  reflection,  987.  Cnmeta  Indda,  981  Image 
bj  refraction  at  plane  aurfacc  when  iaddenoe  ii  normal,  9S9.  Catutlc  Poattlon  of 
image  f<>r  nbluiuc  iiici<lence,  !i!>0.  RcfracUim  tlirough  plat«^  991.  Multiple  images, 
992.  Supcrp0m.1l  platen;  Ajtr'nioniica)  refraction,  993.  Retraotioa  through  priim. 
Ml.  Formnl^i ,  99fi.  Comtrrit-tinn  fnr  deviation  1  Miniiuiim  deriation,  696.  Con- 
ttgHU  fad  for  mfnlnum  deviation,  V7.    Itmihle  n  fraction ;  Iceland.«pv,  998,  999, 

fp.  SK-1012. 
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CstfTSB  IXX.    LENSES 

of  imam,  lOliO.  Prisciiol  Coni^  100).  Optlcail  ccutn,  1003,  OudJobM*  ItxA, 
IwBgv  «t<«(  or  iftTMMd,  enltisad  w  dimi&bh*^  lOOS.  Foniiul»k  1004-  Cmjupta 
fad  «n  MMiiiIu7  ul^  1O05.  Mut&oIoeajDgUofod,  lOOtf.  ConitriictiM  fcv  iiiMg*. 
tOOT.  81m  oI  Imt^  10O&  Kuni|>I<\  IMV.  Inugv  on  ai«n>«tn%  loiu.  Abtr»- 
t)aBWUwa,lDll.  Tlrtiul  hUHHM.  1013.  Onnckn  Imu,  lOIL  Fowaaotcr,  1014. 
U  k  tia^  ipharKU  «ttfi«e.  1015.  BttntMbn  tlirou^b  •  «pta«t«,  1010. 
IV17.  VhM>tttfbla atmwnaai  ftuAagnfhj,  luli.  ProJBetloai 
Solw  ■JoNMOp*  awl  mtgie  UbIm^  lOlU,  1020, pp.  1018-1030. 


Curm  LXXL    VIsrOK  AND  OPTIOAli  UrSTBDltBNTS. 

OewilrwMInn  cl  »j%  lOSL  It*  i^Uotl  a-orkfng;  1013.  Ad»pUtioii  la  4i(t»&M^  1033. 
Unoodw  vUml  Dtte  lor  jodgmat «!  dUuoM^  10^  StenoNoiKv  lOUb  V'unal 
M^l  IbBftitrlaii  iwMTi  lOU.  Spoctaolti^  1037.  Ut^niSMtka  lij  •  laat.  Sln- 
fU  lalewMapfc  lOlS.  Cumpexud  nitoMMpa  uwl  iu  ntciiifTiiiK  puwvr,  10-iO, 
A«tMMaiad  Utu—Hi  wul  iU  tMenlljr'.iiK  powa;  Finibr,  1030.  Flue  fur  ujo; 
Ilrt|fa(  tpot  mil  tix  nUlira  t«  Bj^tnUrixB  V°**i.  1031-  Tumatrinl  oye-pUm,  lOill 
(iaUwn  liilaoopn.  lu  peeolkritlok  Opan.slMit  lOSS.  ItuOoctiai:  t*l««oop«i| 
lOM.  Mnnd  qMDuk  lOSi-  Ucwnnef  brigbtoNoi  faibliuio  ■.□■!  vilcotl><\  lOIS. 
AwfMM  an  wguBfly  bttght  at  all  dl*i>B«w.  luuff*  ton>i«d  bj'  tlinTuticaUjr  partel 
Imi  hia  Mtaa  IntilMk)  Ii(%lit»cM  m  obJoM ;  but  cAecUtii  brightiuw  attf  he  loa*. 
Baow  prlndpla  apidlM  l«  Blfran.  fUMon  nbjr  hlgb  luagal&sUlon  ofUa  ivoduca 
h*  o(  (ItfBtJta  bt^hUMW  1037.  iMriaiic  lirig^tiiHa  i4  Iniw*  lu  thwmiolly 
pwlml  tekMM^  la  oqoal  to  hrigbluoH  tJ  objoct.  EBccUre  brigbtnaa  I*  the  iam«  U 
Ml^pilfllnE  paw  Ami  not  anaad  ^>  and  U  I«m  (or  bJghar  powom,  103S.  lig\A 
■aoilTtil  bom  ■  U»r  toewatta  wUk  power  o(  aje-piaeo  till  iiia|[iiifyiii([  powwr 
1*  ^'  lOM  n>nniiii»Hw  oi  i»«^  m>  acfw  i>  |ircporU«a»l  to  •uli<l  mikIii  lubtaud^d 
bjr  taaih  Aff wmmm*  pioawitad  to  ajia  at  tcoiw,  lOlOi  Piolil  o(  riaw  In  MtmwmicBt 
WnBi|i%  (OIL.  Oaw-wIrN,  aad  tbeU  adJuManoot  tat  ptanmllng  panllu,  1011. 
LItrf  «oIMimH»^  and  fa  aJjwrtnwnl.  10*8.    Ulanmiatanh  1044,    ffi.  lOSl-lOSS. 


CuKBB  L.XXIL    niSPEICSION'.    HTDDY  OF  SPECTBA. 

JbMtlifa  of  suluun  I17  [wiMii,  lots,  HHfl.  NvwUn'*  nrthtil  of  obtaini»c  tlia  adar 
^williaiii.  lOlT.  &lodoi  of  oUolntng  a  pam  (poctram  either  Tfrliial  ««  real,  1048. 
FnonMot'*  tins,  lOiO.  InWiible  radi  el  •ptctrum,  IOSOl  I>li«|ihoiiMWinM  and 
Buawaawicit  1091.  DacoatpcaltbB  «<  wbll«  llfLt,  lOG!.  Spoctronx^  10G9.  Uw 
^MdlAatMr.  lost.  duMa  U  apectn,  1054.  ^Ntnun  wialfilt,  1030.  InfonnoM 
Inn  dark  Unaa  i»  tiAat  ipMljiiM,  lOSi.  ObatrvMllotw  of  cbtoBicaidiaiu  Specin  o< 
■lahilM,  lOU.  DcffUcr'*  ftflDcliils^  1000.  BpeMn  o(  aittBoial  lls^it*.  Bodla* 
aa«>lMl«4  bj  BModuamaMa  Ugkt,  1000.  Brigblneat  and  purit;  of  (ptctra,  lUOl. 
Chraaalk  abarratlan.  104:!.  AeltT««iatlan.  "DbixinlK  povtr,"  1003.  loet. 
ittiauatle  qpafileea,  lOtfO.  Balnbowa,  priBaijr,  ■ccutulaij,  and  lappmuBiarary, 
iOM, I  p.  1091-1080. 


Cum  liXXm.    rOLOUIL 

Cdoornt  ofkqaaliadlM,  10CT.    Of  traaaparcnt  fcudlin.    Soperpaaajnn  of  eolound  i^a 
low.    C<^«a  «l  wlMd  penrdtn,  tO<0;     Miit«t«  ol  coloand  Hsbta.    INII«mM 
— ipwUbwi  «aay  prodM*  tU  tn»a  Waual  ImpreMlon,  lOTO.    UttlnHl'  <d  uliluni 
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(bvM  pbtef  roUtlagdlM;  ororb|>}ill^  ipactra.  A»lM«r*a>y  be  iMhj  k  Mean  at 
•  lUM.  Oelovr  e^iuUoM,  lOTl.  HtlubelU'i  emtd  aliu,  u>d  MuwtU't  oolour- 
box,  1072.  ItMNlto  of  ab*M<r«tioa:  mbrtiluUm  ol  uaulani  {<«neii«l  •liOKMO**; 
M17  (anr  cokwi  «•  Mmoetod  by  ana  cqiiktloD :  attj  ftr>  otJoun  jkM  tow  nMeh  bj 
Ukioc  ncMU.  Sttni  of  odoan  aiiklajiDiu  to  wmlUnl  of  (oran.  Hmd  uialogsM  to 
«aatn  el  grmitQr,  lo7S.  Oo»»  of  eoleur.  Hm^  ibiilla,  uid  brigktneH.  PuBHiUiimi 
Urioi.  All  boca  Moept  (vrpb  u«  epeotnl,  t074>  Ttot*  prisiMjr  oalawcwoUoni. 
nl  tnm,  uid  vioUt,  107&.  Acci<l«M«t  liufWi  tM{«U>«  and  pa«Ult«k  1070. 
OilMMiUtid  riM\aa  It  dkhnil^  the  ted  prinuuej  bdng  w«atla(,  1077.    Colour  M>d 

MMioi  pitdh.  lore. iT>  toer-1098. 


Ciuna  LXXIV.    WATB  TBBOET  OF  UGRT. 

?HiMl|ila  o(  tlijtwrii  Wk«».tnHit,  10*9.  ExpluMtkn  d  NcUUooit  pMfMgMiMi. 
Bi>bMi««l  Wftn-mirfMa  Is  botro^  tnsdUini.  Two  nn-naffiww*  in  MM-untfopia 
MedliiM,  lOML  C<«aUueUon  lit  irkv«.(runl  la  Mtaollan.  t«w  el  ilaia,  IMl. 
lUflxifaw,  tOBl  N«wt(iniM  eqiUaatloa  al  nfnclhn  Fowuli'i  oruoUl  eiparl. 
■M^  IMS.  Prtndpl*  el  l««M  timo.  ApftticMka  lo  ntfnllun  miJ  nfnollun. 
Hon  maot  itolfuit  <rf  Ibe  jirlMlpU^  ApptkaUca  to  teel  »mi  cniMica.  Z^  m 
■lalMHWi  or  MAiliBatti,  10S3.  ApplloaUon  to  tfiriti  ntnetk*.  lUji  in  >ir  >n 
o«M*v«  loWMil*  lb*  Jwiio  aJdtk  lOM.  CnlcuUtion  el  Mrmlum  ol  hofiMnUl  or 
■Hulj  bcriMoU  NT*,  loss.  0(  fawKnad  n^  lOSS.  AatmrankalRlnelbn.lUS. 
UlMg«t  lOSti  Ctorrad  i»ji  ot  taaat,  lOOOi  CklaukUrai  of  thidr  inimu>n«k  IMl. 
DUnMUon  Mi«ii^  1092.  Gratk«it  lOOS.  Prindpleof  dJRnc«ka  ipeWuik  lOM. 
PnoliMl  applkaUM^  ud  deduction  ot  mvc-Unsibi.  I09S.  lUtanlUlon  gnllng^ 
tOML  BeflKtbw  gnUap,  10»7.  (Mudwa  tppcinwi,  lOM.  Watv^nigUMb  lOMt 
Cci)oai«!tUaaiMvlIO(lt pp^  lOOO-lUS. 

OuiTU  UCXV.    POLABIZATION  AND  DOUIILB  BKrBACTION. 

K*)wnni«nt  nf  tM  IrTinniTlnM  Polariw  eod  uuilrMr,  1101.  PclarlaUon  by  wllie 
Uon,  The  tniuiBlttod  llj^t  tha  pokriied.  PuUrldng  ««I0*,  IIOS.  Plana  nl 
polariulioo,  1103.  PotuvjiUon  by  d-ubin  nlnotton,  IIM.  ExplBMMion  nf  deaU* 
n/noUin  in  misial  tryaUl*.  We*«.«iijl*o«  (or  enllujy  nj  ijiberiaal,  tcr  aiUm- 
Mdiouy  ny  •pberotdkL  CitAordlnuy  bidn.  Propcvly  o<  tsvnnalln*,  1103. 
NiMl«prli«.110«L  Ooloonrrodaatd  t7tblaTa>tna(*(balt-,II07.  Jt«cUUnMt 
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REDIFCTION  OF  FHBNCH  TO  KNGUBH  MKAStntES. 


LnratR. 
I  iJlfcMtt»B<W»r  tacit,  mihtM  J.  Ucb. 

1  aMlra  =  S»«  Inchs^-Ul  Asl-OfMyJ. 
I  klkMln=10M4 j^,  or ■kontl aUlt. 
Uura  M««mlalT,  I  itivM3aO'2?Oi99  tn. 

■9-SBWMn.si-tsoaaiiyd. 

.Akiu. 

1 ».  ■■!».  s  iSOlU  M.  la. 
lBl.iM<liin.  =  -lU«|.  («. 
I  «i,  4»At.  =l5-5».  bi. 

Tbuxe, 
1  enhL  axDIm.  =  mOWl  («h.  in, 

1  vuk  4adn.  E«l-02M<ut>.  tn. 
aak.  mtnsnim  <«k  i>.=3G'BtK  mU 


Til*  lltr*  {luail  fcr  ttauiiht  <•  Uw  Ma»  w 
Uw  caliio  doan«ti«,  M>d  b  aqiut  la  17II1I 
|ta(,  or  "XSSI  gallon. 

Ham  a  am  Wnan. 

1  aiaUgnDtM=:-inMltn[ak 

t  gniDam        slS'Cn  naia. 

IkDuFmmnuslSiaSc'aiaasSmna.Molr. 

Hon  Moonuhr,  ttio  hflofraakni*  I* 

HnoKLuniom. 

1  |[tiuam«  tm  «|,  omilm.     c2«lBt  Ih>.pn 

■1.  tt. 
1  UkfiaflonB  par  aq,  MntiiK  =  U-StI  lb*.  pM 
•1,1a. 
I  ldI«(|nunnMlr«Ti7-23n  toot-pouMd*. 
1  fomd*  clionl-TS  kU«iin«ni«tT«*  pet 
woeod,  or  M2|  (ool-pmmai  HT  MOMd  BMrly, 
mhitntt  1  b«n»-paa«r  (Eu|lMli)EtfiO  (mu 
I  ponnA  par  nmBO. 


RBDUcnrroN  to  c.o.s.  MEASuttEa.   (SMpkstie.) 

[em.  iktiDUt  emlitoatnO);  gr*i.  Jcac«»  sMin»*(*>'] 


Iiunvtii. 

=f '&!  MCtlimalra^  naarlr. 
1  (Mt  =»-M  «mtinMr«i,  Mwfy. 

Ifwil  301-ltMsUMrM,  noulT. 

I  (Ulntc  mT*  c  lOXA  ontUMtrw.  oMitT. 
Han  MMnUtji,  1  iMb=AtWni  <«nU- 


ABU. 

1  If.  faob  sO-tf  ■!.  «ID..  nMrlf. 
I  (If  ''*'*  a1>9»).  fm.,  iMaHy, 
I  B^  r«i4=SMl  HI.  om.,  aawtx. 
I  *|.alk=3-aK IV* •!.«*.,  naitrly. 

Taunob 

1  Mb.  iMh  ^lll'NMb.  on..  nMlT. 
I  Mb.  bot  ■M»a  mh  en..  m«u^. 


1  mh  nrdcTdUSS  nib.  am.,  ncuty. 
I  gUhm      =tMl  «uh  em.,  mm!;. 


1  gnla  =-0848  ktmbida,  hmtIj. 
I M.  ■*«ir.=tS'30  gnmin*,  luMly, 
I  Ib>  unit.  miSS-€  gnaumv,  a«ut)r. 
lUm  i^19iaxl(l*n»sinM,Hnr1j 

UcTB  Mccmul)'.  1  lb.  iToir.  slSS'WKS  tm. 

Vhocitt, 

lBifl*p«rbr9iw         sM'TMom.  pwMd 
1  kjlonwln  p«>  hoarsSJ'7  cm.  par  im. 

DlSHfTT, 

1  lb.  pcTMk  foot    =<oisnfim-  pvwh 

cm, 
<t3'4  Ikn.  p«  onk  ft  =4  gm.  p«r  Mb.  «m. 


JCMV 


tHEKCH  AXD   EXaLlHU   HBASDl{Ii:S. 


FoRCi  (mmmiqg 0=981).     (Sac  p.  43.) 
Weight  of  1  gT&in      =63'G7  djoia,  Henri;. 
„     loi.BToii'.  =27Sx  ICilTDM.Duriy. 

„      1  lb.  avoir.  =  4'45KlO'd;nei.Deart]i. 
„      1  ton  -8-97iilO"d)Tid«,DOMly. 

,,      1  |inmme=9Sl  <)>-i;»,  Dearly. 
„      1   Idlognnuno  =  U'SI  X  10*  dynes, 
nearly, 

WoBK  (Miumiiig$:::SSl).    {Bee  p.  43.) 
]  fnat-TKiund  — l'3S6x  ICf  argi,  nearly. 

1  kilofn'am metre     =9'SI  xiti'  erga,  nearly. 
Work  in  a  leccmri  \ 

byonetheorutical  >=7'iaxin'  ergi,  nearly, 
"bon*"  ) 


Stbbu  (a>niminKf=e81k 

1  lb.  par  aq.  ft.        =479  dynaa  per  iq.  cm.. 

nwrly. 
1  lb.  per  sq,  Ineh      =0*9  xlO'  dynea  per  eq. 

om.,  Dearly. 
1  kilog.  per  aq.  cm.  =S'S1  x  10*  dynei  per  aq. 

cm.,  Dearly. 

760  mni.  of  mercury  at  0*U.=1 '014  X 10*  dynea 

peraq.  cm.,  nearly, 

SO  inchw  ot  meroury  at  0' C.  =  I-0ie3xl0* 

dynei  perag.  cm.,  nearly. 

1  Inch  or  meroury  at  0*  C,  =8-388  x  10*  dyncn 

per  «q.  cm.,  nearlj. 
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The  p»HUn  nf  one  atm»i>b('ru.  or  7tKf  mlUi 
metrea  (iO0'.'2  liiihai  ol  mcn.ur>.  It  I  033  kllih 
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■ecind  1i  produced  bj  an  electro-QiotlTe  force  of 
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raise  [ti  [K'teDlial  by  1  volt. 


ELEMENTARY  TREATISE 


OK 


NATUEAL    PHILOSOPHY. 


CHAFTEK   I. 

IKTRODUCTOHT. 

1  Natural  Sdence,  in  (bo  widest  sense  of  tb«  tenii,  ooiniirLii^fl  all 
Uie  pbfloooMiiia  of  th«  roatcrial  world.  In  so  far  as  it  merely 
dtMeribm  nod  claMiAfw  thtwc  pliunomciui,  it  iiuiy  bu  called  Natural 
Hiitorjr;  in  so  tar  as  it  funiiithiM  accurate  quatitilativo  kuowlcdgv 
oC  Um  reUtions  bntweco  eausuo  aiid  otiectit  it  is  calli-d  Natural 
PhUoMphy.  Many  8ubj«cts  of  study  yai-n  tliroiigb  iho  natural 
hivlufy  stage  before  tbey  attain  tlie  natural  jihiloMopliy  stag«;  tbu 
pbeaoai«na  boing  observed  and  compared  for  many  yeara  before  tbe 
quantitative  Laws  wbicb  gOTom  them  are  disclo6«d. 

3.  Tbere  are  two  extensive  groups  of  phenomena  wliicb  are  oon- 
ventionally  excluded  from  tbe  domain  of  Natural  Philosophy,  and 
Kfpuded  as  oonatituting  eeparate  bniucbcs  of  science  in  tbentselves; 
o&udy: — 

Firat.  TboHC  phenomena  which  depend  an  vital  forc«t;  sudi 
phenomena,  for  example,  tta  tbe  p-owtb  of  animals  and  plants. 
Tbeae  ooostttote  tbe  domain  of  fiioloj:;}-. 

Secondly.  Tbom  wlticb  depend  on  elective  attractions  between 
tbe  BtonM  of  particular  subatancea,  attractions  whii-h  an;  known  by 
Qui  taaaa  of  duimical  affinities.  Tlteso  pbonoiuona  arc  relegated  to 
tba  spocia]  adenoe  of  Chemistry. 

Again,  Aatroaomy,  which  treata  of  tlie  nature  and  movement  of 
tbfl  boavealy  bodies,  is,  like  Chemistry,  so  vast  a  aubjcct,  tlukt  it 
forma  a  special  science  of  itself;  though  ix-rt&in  gonvral  laws,  which 
Ha  phsDomena  exemplify,  are  stiU  included  in  tbe  study  of  Natural 
FtuJoBophy. 


S  INTKODUCTOEY. 

S.  TboBe  phenomena  which  specially  belong  to  the  domain  of 
Natural  Philosophy  are  called  physical;  and  Natural  Phil(»ophy 
itself  is  called  Physics.  It  may  be  divided  into  the  following 
branches. 

I.  Dynamics,  or  the  general  laws  of  force  and  of  the  relations 
which  exist  between  force,  mass,  and  velocity.  These  laws  may  be 
applied  to  solids,  liquids,  or  gaaes.  Thus  we  have  the  three 
divisions,  Mechanics,  Hydrostatics,  and  Pnewmatics. 

II.  Theiimtcs;  the  science  of  Heat. 

III.  The  science  of  Electbicity,  with  the  closely  related  subject 
of  Magnetism. 

IV.  Acoustics;  the  science  of  Sound. 

V.  Optics;  the  science  of  Light. 

The  branches  here  numbered  I.  II.  III.  arc  treated  in  Parts  I.  II. 

III,  respectively,  of  the  present  Work.    The  two  bnuiches  numbered 

IV.  V.  are  treated  in  Part  IV. 


CHAPTER   II. 


HRHT  PRINCIPLKS  OF  DYNAMICS.      STITICS. 


4,  Force. — Force  amy  be  defined  as  that  wliicli  tcnda  U>  {mxlacG 
mutiim  in  a  boc^  at  rest,  or  to  produce  chatigt^  of  tiiotioti  in  a  body 
which  is  muvio^.  A  particle  in  said  to  hitvi-  (inifdnn  or  unchanged 
tnodon  when  it  niovi.«  in  a  strni^ht  lini'  witli  iMnntant  veioaty;  and 
wwvy  deviation  of  manorial  particles  from  uniform  motion  ia  due  to 
foron  actiti);  u)>on  thi-m. 

9.  Traaalktioo  and  Routioa. — \Micn  a  bodj  moves  bo  ttiat  sJ] 
Ifaun  in  it  mrnain  coiiHtantly  parallt-J  to  t>ioir  original  poHttiona  (or, 
lo  naa  tl)«  ortlitmry  dvluiical  phrase,  move  paralUi  to  tiemsettvn), 
Ut  momnent  in  caltul  a  pure  iraniftatxon.  Since  the  lints  joining 
Um  oxtremities  of  equal  and  ])arallel  »traif>lit  Um^it  are  tlK-nie«lve« 
•^iial  and  parallel,  it  can  easily  be  tihown  that,  in  rucIi  niotimi,  all 
poioU  i>f  the  body  have  equal  and  paraUul  velocities,  so  tliat  the 
■uovement  of  the  whole  body  ia  completely  represented  l^  the  move- 
onmt  of  any  one  of  its  iM>int6. 

On  tl>e  other  hand,  if  one  point  of  a  rigid  body  be  fixed,  the  only 
novrmtint  pcMSible  for  the  body  is  jrurv  rotation,  the  axis  of  the 
rotation  at  any  moment  bcin;;  aomv  Htraighi  line  paaung  through 
thu  point 

Every  movemvni  of  a  rigid  body  can  lie  !tpccifi«d  by  it{<eciryiiig 
thit  mornuivnt  of  one  of  its  jioint/t  <any  point  will  do)  togeilier  with 
(be  niUtiun  of  the  boily  alioiit  thiti  point 

8.  Korcc  whid)  actfl  tinifonntr  on  all  the  particles  of  a  body,  as 
tnmvity  dons  auaiibly  in  the  case  of  bodies  of  moderate  size  on  tlie 
f%ttk'ti  utttJtu*  (fqual  pnrticliw  being  urged  with  i'<)iiul  forces  and  in 
pmUM  din-rtinn^),  t«.-adA  bo  ^ve  the  liudy  a  uiovi-nK^nl  of  pure 
tramlation. 

In  ehunautury  stJiU>BiuiiUi  of  the  laws  of  force,  it  a  neceasaiy,  for 


«Bsr  PltlKCIPLES  OF  DINAMICS. 


Uie  Bake  of  Aimplidty,  to  confine  aUentioa  to  forces  tending  to 
produce  pure  translation. 

7.  Instramonts  Tor  Measuring  Force. — We  obtain  the  idea  of  force 
through  our  own  oonscious  oxeri:iBe  of  muscular  force,  and  wt<  can 
approxinuittily  «Ktinuit«  the  amount  of  a  forco  (if  not  too  (Treat  or 
too  nnall)  by  the  cirurt  which  we  luivo  to  make  to  resist  it;  as  when 
we  tjy  the  weight  of  a  body  by  lifting  it. 

DyniUDOn)et«Tii  are  instruments  in  which  force  is  measured  by 
means  of  its  effect  in  bending  or  oUierwise  distorting  elastic  springs, 
and  the  spring-balance  is  a  dynaoMmeter  applied  to  the  mca^iu-D- 
niunt  of  woigbta,  the  spring  in  tlus  case  being  either  a  flat  RpiraJ 
(tike  the  mainspring  of  a  watdi).  or  a  helix  (rceombling  a  cork- 
screw). 

A  force  may  also  be  meaxunxl  by  cauHing  it  to  act  vertically 
downwards  upon  cme  of  the  scale-pans  of  a  balance  and  counter- 
poising it  by  weights  in  the  other  |>an. 

S.  Qraritation  Units  of  Force. — In  whatever  way  the  measurement 
uf  a  tonn  is  effected,  the  result,  that  is.  the  taafcnitude  of  the  forae, 
i»  usually  stated  in  turms  of  weight;  for  (.■xainplv,  in  pounds  or  In 
kil<>grammQa.  Such  units  of  force  (called  gravitation  units)  are  to 
a  oertun  extent  indelinite,  inasmuch  as  gravity  ia  not  exncUy  the 
same  over  the  whole  surface  of  the  earth;  but  they  are  sufficiently 
dolinitfl  for  ordinary*  commercial  purposes. 

9.  EqaiUbriam,  Statics,  Kinetics. — Vihvn  a  body  free  to  move  is 
acted  on  bj-  forces  which  do  not  move  it,  these  forces  ore  said  to  be 
in  equilibrium,  or  to  equilibraU  each  other.  They  may  equally 
well  be  described  as  batancMt^  aacfa  other.  Dynamics  is  usually 
lUvided  into  two  branches,  l^e  fint  brooch,  called  Statics,  tmaU 
of  the  conditions  of  equilibrium.  Tho  seeoiul  branch,  called 
Kinetiai,  treats  of  the  moveawota  produoed  by  fonei  not  in  oquili* 
brium. 

10.  Action  and  Reaction. — Experiment  shows  that  force  is  always 
a  nmtuol  action  between  two  portions  of  matter.  When  a  body  is 
ai^ed  by  a  force,  this  force  is  exerted  by  some  other  body,  which  ia 
itself  urged  in  the  opposite  diroctioo  with  an  equal  forae.  When  I 
press  tlw  table  downwards  with  my  hand,  tho  table  presses  my  hand 
upwards;  when  a  weight  hangs  \ry  a  oord  attached  to  a  beam,  the 
cord  serves  to  trannnit  force  between  the  bcom  and  tliu  wui^ht,  ao 
ttiat.  by  llie  iiu>t  rumen  tali  ty  of  the  cord,  tho  l>eam  puUa  tho  wvigbt 
upwards  and  the  weight  puUs  the  beam  downwards.     Electricity 
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ftod  nuigDetistD  famisb  do  exception  to  this  universal  law.     When 
ft  magnet  attncts  a  plec«  of  iron,  the  piece  of  iron  attract  the 
I'Oiag&et  witli  a  precisely  equal  forc^^ 

11.  Speeiflcfttion  of  a  Force  aciittg  at  »  Point.— Force  may  he 
aj>[)]ii-d  over  a  tinite  area,  aa  when  1  jtrtias  Uie  tablo  with  my  hand; 
or  titay  be  applied  through  the  whole  subatance  of  a  body,  as  in  tlie 
(•se  iif  gtavity;  but  it  is  usoaJ  to  begin  by  discussing  the  action  uf 
-forocB  applied  to  a  single  partid*.  in  which  case  each  force  is 
Mippo—d  to  act  along  a  inathvniuttcal  straight  line,  and  the  particle 
or  matariol  point  to  whieh  it  is  applied  ia  called  it^  point  of  ^)plica- 
'tioo.  A  foree  is  completely  specitled  when  its  magnitude,  its  point 
0/  apiUiaativn,  and  its  tint  of  actum  are  all  gi^'eo. 

IS.  Bi^d  Body.     Fnndamestal  Problem  of  Statics. — A  force  of 

fiuiU)   Diagnitode  applied  to  a  mathematical  point  of  any  actual 

[solid   body  would   incvitaUy  Fracture  the  body.    To  avoid  thia 

ipli«atioo  and  other  ooniplications  which  would  arise  from  the 

:  and  yielding  of  bodies  under  the  action  of  forces,  tiie  fiction 

of  a  porfectly  rigid  body  is  introduced,  a  body  whicli  cannot  bend 

LOT  hnak  ondeor  the  action  of  any  forc«  however  intense,  but  always 

its  use  and  shape  unchanged. 

The  fundamental  problem  of  Statics  consists  in  determining  the 

,  coodiiious  which  forces  must  fulfil  in  order  that  they  may  bo  in 

'«qailibriuni  when  applied  to  a  rif^d  body. 

18.  CoaditioDB  of  Equtlibrlnm  for  Two  Forces. — In  order  Uiat  two 

forcrjt   Af-plied   to  a  rigid    body  ahould   be  in   e()uilibrium,  it   is 

'aaeeiutary  and  safGcient  that  they  fulfil  the  following  conditions: — 

1st.  Their  lines  of  action  must  be  one  and  the  same. 

Sod.  The  forces  muxt  act  in  opposite  directions  along  this  commoa 

Srd.  They  must  be  equal  in  magnitude. 

It  will  lie  observed  that  nothing  ia  i^aid  hero  about  tlic  points  of 

^■pUeaUon  of  the  foroeH.    Th(;y  may  in  fact  be  anywhere  upon  the 

leciounoD  tine  of  action.    The  efffci  of  a  foree  upon  a  ri*fltt  body  is 

not  altmd  by  changing  il»  point  of  appliotUion  to  any  other  point 

in  its  Urui  of  action.     This  is  called  the  principle  of  the  transmiegi- 

'  IfilUy  vf  force. 

It  follows  from  thill  principle  Uiat  the  condition  of  cqntlibriiim 
for  any  numbor  of  forces  with  the  uuno  line  of  action  i.t  simply  that 
the  Mim  of  those  whidt  act  in  one  direction  .thall  be  equal  to  the 
faoio  of  tlmve  whicli  act  in  the  opposite  direction. 
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Fd;  1.— Tl1*Bd>  or  FWoM 


14.  Tbree  Fortes  Ueetin;  in  a  Point.  Trianffle  of  ForoM. — II 
ihreo  forces,  aot  having  on«  and  the  same  line  of  action.  Am  in 
eqHilibrium.  tJieir  lines  of  action  must  lie  in  one  plaoL',  aiid  must 
either  looct  in  a  point  or  be  paiailvl.  We  Khali  Gist  dtsiniMi  ttiv  caw 
in  which  Uity  nwei  in  a  puiut. 

From  any  point  A  (Fi;^.  1)  draw  a  line  AB  (xiraUol  to  unu  of  th« 
two  given  forces,  and  mt  tliai  in  Iravelling  fruni  A  to  B  wu  ttbould 
be  travelling  in  the  aatne  dlrectitHi  in  which  the  force  acts  (not  in 

the  opposite  direction).  Alao  tut  it  bo 
undcrutood  that  the  lengtli  of  AB  mpro- 
HttotM  the  nia^iiitodt  of  Uie  fovea 

Frotu  tliK  |*oiiit  B  draw  a  lin«  BC 
repr¥»enting  the  second  force  in  direc- 
tion, aud  on  the  saiue  made  of  niagnitude 
on  which  Afi  represents  th«  firet. 

Tliun  tho  lin«  CA  will  represent  boUi 
in  direction  aiid  mit;;niludu  tlto  third 
forcu  whicli  would  equilibrate  the  first 

tWOt 

The  principle  embodied  in  this  constniction  is  called  the  triangU 
of  /oreee.  It  may  be  brieHy  stated  as  follows: — The  coniUtum  of 
9guitH>rium  for  tkrteforeet  acting  at  a  puinl  it,  that  titty  be  repn- 
mntad  in  magmUvde  and  direction  by  the  three  aides  of  a  triartgU, 
taken  one  viay  round.  Tlie  ineaniug  of  the  wonls  "  taken  one  way 
roond"  will  be  undenttood  from  an  iaipccUon  of  the  arrowB  willi 
which  the  sides  of  ti\e  triangle  in  Fig.  1  are  marked.  If  tlie 
■Urections  of  all  three  ari-ows  are  reversed  the  forms  represented 
will  itill  be  in  equilibrium.  Tlie  arruwa  muBt  be  M  directed  that 
it  would  be  pcwiblv  to  travel  oonipletoly  rottod  the  triangle  by 
movii^  along  the  sidM  in  the  dirMtioiis  indicated. 

^Vlii'ri  a  tinu  is  lued  to  reprotont  a  force,  it  in  always  neoenaiy  to 
employ  an  arrow  or  nome  other  mark  of  direction,  in  order  to  avoid 
aiubiguify  between  the  direction  int^-nded  and  ibi  opjwsite-  In  naming 
such  a  lino  by  means  of  two  letters,  one  at  each  end  of  it,  the  order 
of  the  letten  should  indicate  the  direction  intended.  The  direction 
of  AB  ia  from  A  to  Bi  the  direction  of  BA  a  from  B  to  A. 

Ifi.  Seinltaot  aad  Componenta. — .Siiicu  two  forcuf  actitij;  nt  a  point 
can  be  Ijalauol  by  a  ninglu  force,  it  in  obvious  that  thuy  are  «]uiv- 
alent  to  a  single  force,  namely,  to  a  force  equal  and  oppoalte  to  that 
whid)  would  balance  thi'm.     Tlits  furee  to  whid)  thi>y  are  Hiiutvalnnt 
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ia  cftlled  their  resuUant.  ^Iietiever  one  foroo  luAiiig  oa  a  rigid 
body  IS  eqoiviUeDt  to  two  or  luoni  forces,  it  \n  cailud  thvir  nuniltiuit, 
«Dcl  they  un*  cullotl  it»  cotRponenbi.  When  any  number  of  furow 
uv  Id  etitiilibriuiu,  s  foroe  equal  and  opposite  to  any  on«  of  Uiein  \» 
tbe  roMiltant  of  nil  the  niA. 

The  "  tmngla  of  foroca"  gives  us  tlic  r«»ult«nt  of  any  two  forcw 
aettDg  ala  point  For  example,  in  Fig.  1,  AC  (with  tliu  arrow  in 
tbo  figure  ruveiwd)  repreaents  the  resultant  of  the  forces  reprvwntL-d 
by  AB  and  BC. 

16.  Parallsloffram  of  Forces. — Tlie  propoeitioo  callod  th«  "  parallel- 
ognuu  of  foiOM"  ia  Dot  Uiwcnttally  dintjnet  frout  tho  "  triangle  of 
forooa,"  but  menly  oxpreatMU  the  Kutne  fact  from  a  .slightly  ditl'erent 
p(4nt  of  viev.  It  is  as  follows: — 1/  two/vrcett 
acting  ttptm  the  tame  rigid  bt>dy  in  lines 
tcAwA  mttt  in  a  point,  ht  reprtamtfd  by  two 
liiu»  draten  from  tite  point,  aiid  a  paralUlo- 
gntm  b«  ootutnuled  on  th«e  line«,  the  diagonal 
drawn  /rvnt  thU  p(mU  to  the  ojtpofita  contrr 
u/  (Af  paraiUi4^r<sm  repreaents  tin  rtsuHant 
Vat  oxampla,  if  AB,  AC,  Fig.  2,  represent  the  two  forces,  AD  will 

(nproMBt  thrir  rtflultuut. 

To  show  the  identity  of  this  proposition  mtb  t]ie  triangle  of  forces, 
we  have  only  to  subetituto  BD  for  AC  {which  is  i^iaal  and  pumllel 
to  it).  We  have  thea  two  forces  repreM'ntvd  by  AB.  BD  (two  Bidea 
of  a  triangle)  giving  as  tlicir  resultant  a  force  rcpreftontod  by  the 
Uurrl  aide  AD.     Wc  might  equally  well  have  eniployt-d  the  triuigle 

^ACD,  by  substituting  CD  fur  j\B. 

17.  Ortvaaande'i  Apparatna. —  Kn  apparatus  for  verifying  the  par- 
I  kUelofrTBrn  of  furoes  u  re])reaented  in  Kig.  3.  ACDB  xa  a  light  frame 
[in  tht!  fiinn  of  a  parallelogram.  A  weight  F"  can  be  hong  at  A,  and 
Lwaigfata  P,  K  can  be  attached,  by  moans  of  cords  paning  over  pulle^-s, 
llo  tba  pdola  B,  C.    Wbt-n  the  wi<igliu«  P,  V.  V"  are  twoportjonal  to 

AB,  AC  and  AD  ratpoctivi>ly,  the  iilringa  attached  at  B  and  O  will 
Lb*  obaarviKl  to  form  prolongations  of  the  sidea,  and  the  diagonal  AD 
l-wiU  ba  verUoaL 

18.  Resoltaat  of  any  Number  of  Forces  at  a  Point. — To  find  tlie 
iltaiit  of  any  camber  of  forces  whose  lines  of  acticm  meet  in  a 
Bt,  it   is  only  necessary  to  draw  a  crooked   line  composed   of 

•tnight  lines  wluch  rvpreaent  tlie  several  forces.  The  resultant  will 
be  raprosented  by  a  straight  line  drawn  from  the  beginning  to  the 
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ond  of  tills  crookvd  lino.  For  by  vrlwt  preoedea,  if  ABCDE  be  a 
crooked  tine  itueh  tluit  th«  straight  lines  AB,  BC,  CD,  DE  represent 
four  foroM  acting  at  •  point,  we  may  aabstituto  for  AB  and  BC 


Um  atmi;;)it  line  AC,  niaoo  thia  n?pn»enta  their  rmiiltant.     We  may 
than  aabntitiitu  AD  for  AC  aitd  CD,  and  finally  AE  for  AD  and  DE. 

One  of  the  moet  important  appUcatiom  of 
tliis  conHtniction  is  to  throe  forces  nut 
lying  in  one  plana.  In  this  caso  the 
crooked  lino  vill  consiitt  of  three  edgM  of 
•  parallelepiped,  and  the  line  whidi  repro- 
•enta  tlie  roHUltont  will  bo  the  diagonal 
Hits  is  evident  from  F^g.  4,  in  which  AB, 
AC,  AD  represent  tbrc«  forces  acting  at 
A.  Tlte  nwaltant  of  AB  and  AC  is  Ar, 
ud  tlte  r«sultant  of  Ar  and  AD  a  A/.  Tho  crooked  line  whose 
porta  roprmunt  the  forcm,  may  be  either  ABiV,  or  ABO/,  or  ADG/, 
Ix.,  lite  total  number  of  oltcmativw  being  tux.  sinoe  three  thinga 
can  be  taktm  io  nix  diffbrcnt  ordon.  Wo  have  her*  an  excellent 
illuatratiuu  uf  Uir  fact  tliat  the  aaino  final  renultoat  u  obtuned 
in  whatever  order  the  fomn  are  combined. 


WH-rMnlM^lTrt* 
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IB.  EqaUibriniD  of  Three  Parallel  Foroea. — It  ihr«c  pamllol  foreo«, 
P,  <i,  K,  applied  to  a  ri^d  body,  balance  eacli  otlier,  tUc  following 
OMvUtioiu  must  be  falflUed: —  q 

1.  The  Uiree  lines  of  action  AP,  BQ, 
CB,  Fif^.  5,  moBt  be  in  one  plane. 

2.  The  two  outeide  forcce  P,  R,  must 
act  in  the  oppuaico  direction  to  ibo 
rnidiUe  f[>rcc  Q,  and  th^r  .turn  must  bo 
equal  toQ. 

3.  Each  foroo  munt  be  proportional  to 
tb«  dixtanoe  between  the  lines  of  action  of  the  other  two;  that  ia. 
we  tiiuiit  tiave 


Fif.  9. 


^» 


* 


xr 


(1) 


The  fipnru  Dhows  that  AC  is  th«  min  of  AB  and  BC;  hence  it  fol- 
toWB  from  thnw  equattonn,  that  Q  is  equal  to  the  Kuin  of  P  aiut  It, 
aa  aboTft  lUtod. 

90.  Banltaat  of  Two  Parallel  Forees. — Any  two  parallel  forces 
hdag  given,  a  third  parallel  force  which  will  balance  them  can  be 
found  horn  the  above  cquationa;  and  a  foroo  equal  and  opposite  to 
this  will  be  their  rcsultlLnU     We  may  duttiiiguish  two  catMHi. 

1.  Let  thu  two  i^rcQ  forcftit  be  in  tlii>  Mmc  direction.  Then  their 
rasoltant  is  equal  to  their  sum,  and  acta  in  tJic  sonie  direction,  along 
a  line  which  cut£  the  line  joining  their  pointu  of  application  into 
two  puts  which  arc  invontoly  18  tbo  foTCCa. 

S.  Let  the  two  given  forces  be  in  opposite  directions.  Then  ttioir 
reaaltout  wiU  be  equal  to  their  difference,  and  will  act  in  the  direc- 
tion  of  the  greater  of  the  two  forces,  along  a  line  whidi  cut«  the 
prududioD  of  the  line  joining  their  points  of  application  on  the  aide 
uf  the  greater  force;  and  the  di»t&D<.-c«  of  this  point  of  section  from 
the  two  given  points  of  application  are  iuvcreely  as  the  foroea, 

21.  Centre  of  Two  Parallel  Forces. — In  both  cmms,  if  the  pointx  of 
ap[>lication  ore  not  given,  but  only  the  magnitudes  of  the  forcett  and 
tixtir  liiim  of  action,  the  magnitude  and  line  of  action  of  the  resul- 
tant are  atill  ctonpletely  determined;  for  oil  straight  lines  which  are 
drawn  orroea  thiBc  pnruttel  stnught  lines  are  cut  by  them  in  the 
•ame  ratio;  and  we  shall  obtain  the  same  result  whatever  points  of 
appliAtion  we  assume. 

If  the  points  of  application  arc  given,  the  resultant  nit^  the  line 
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joining  Uietu.  or  this  Uae  produced,  in  a  dofimto  point,  wboM  poM- 
tioa  depends  only  on  tb«  maguitudcs  of  tho  given  forces,  uid  not  ut 
all  on  the  angle  which  thvir  dirt'cliun  iiiakM  with  tbo  joining  line 
This  result  in  important  in  wnnvction  with  ot'iitres  of  gravity.  Thu 
point  »o  determined  is  calltMl  Uiv  euntr«  of  the  two  ]>arallel  forces, 
[f  thftMs  two  foroos  are  the  woiglits  of  two  partielts,  tlie  "centn;" 
tlitu  found  in  thotr  centre  of  grft%'ity,  and  the  resultaut  force  ia  tlie 
»wn«  as  if  Uie  two  particlea  were  collected  at  thU  point. 

S2.  HomentB  of  Resaltant  and  of  CompoDOnta  Equal. — Th«  follow- 
ing propoeition  is  often  uei-ful.  Lot  any  straii^ht  line  be  drawn 
across  ilio  tiom  of  action  of  two  panllel  forced  P,.  P,  <Fig.  6).    Let 

O  be  any  (wint  on  tbii*  liiiv.  and  »,,  e, 
tho  distances  mcAsurvd  from  O  to  tho 
poiots  of  Bcction,  distances  meaaurod 
in  oppoait«  directions  being  distiu- 
gtusbed  by  opposite  signs,  and  forov* 
in  opposite  dirediona  being  al«o  disUnguished  by  opposite  signs. 
Also  let  R  denote  tliu  nMultant  of  P,  and  P„  and  x  tho  diJttaaou 
from  0  to  ita  interaction  with  tlio  Hue;  then  wo  sliall  liavo 

P.  *i  +  Pi ».  =  B  » 

For.  talcing  the  stAndard  case,  as  represented  in  Fig.  6,  tn  which  all 
the  quantities  are  poiutive,  we  have  OA^  =  Xf,  OA,  =  x^  OB  =  i, 

and  by  §  11>  or  §  20  we  have 


/I n .« 


th-t. 


that  is. 
wbeooa 

that  is. 


Pi.A«D-P,.BAk 

p,);-*j=p,i«,-i 
(Pt+Pii»r,s)tp,% 

R«.-P,«i  +  P.i^ 


«) 


iS.  Afljr  Knmber  of  Farallsl  Forces  in  One  Plans. — Equation  (S) 
airords  the  readiest  lueana  of  dc-tvrminiii};  tliu  line  of  action  of  the 
rwultant  of  several  parallel  forces  l>'ing  in  one  plane.  For  let 
P,,  P,,  P^  S:c,  be  tho  forcw,  R,  Uie  nwultant  of  tbo  tint  two  forces 
P„  P^  and  R,  tlie  rx^'snltaiit  of  the  fintt  thnw  forcm  P„  P,.  P,.  Let 
a  Lino  bo  drawn  acroeui  the  Uiim  of  action,  and  let  the  distances  of 
tbft  poiota  of  stfctioo  from  an  arbitrary  point  0  on  this  line  be 
•xpraiod  HOOiding  to  the  following  scbeuie: — 
Force  P,        F|        P>  ^        B| 

Distanoa  »,       m,       mt  (Bi        <^ 
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th«  direction  En  whidi  tho  foroo  t«n<h  to  turn  the  body  about  th« 
ptdnl  will  he  rovcrsed  if  tlie  dtrectioo  of  P  is  reversed  while  ita 
tins  of  Mtion  ronuuiu>  unc)iang«<!,  and  will  also  be  reversed  if  the 
line  of  action  be  ahifced  to  the  other  side  of  the  point  while  the 
direction  of  the  forc«  remains  unchanged. 

SS.  Eiperimeatal  Illostration. — Fig.  7  n>prc6cntjt  a  simple  app«r- 
atufl  (called  the  arittinteticai  lever)  tor  illtistrntiii;;  tht-  bw»  of  i»ar- 


ric.  T.-C(*>(«tu«i  ((  fiumiM  r 


•U«l  fonxH.  T)i«  lever  Ati  is  nuq>ondod  at  ita  middle  point  bj  a 
oord,  80  that  when  uo  welglita  are  atUiclied  it  is  horizontal.  Equal 
weighta  P,  P  are  hung  at  points  A  and  B  eqtmltHlaat  from  the  centre, 
•nd  tlie  mspending  cord  afhtr  being  pa^-^id  over  a  very  freely  mov- 
in);  pullciy  M,  bao  a  weight  F  hung  at  ita  other  ond  sufficient  to  pro- 
duce equilibrimn.  It  will  bft  found  that  P"  is  is]\ia\  to  tho  sum 
of  tJie  two  weight*  P  togothtr  with  the  woig^ht  retjiiired  to  oountvr* 
poiae  the  lever  ttMidf. 

In  tho  Bocood  li^puv,  thn  two  weighia  hong  from  the  lever  ani  not 
etptal,  but  one  of  tl)«m  i»  double  of  the  otlier,  P  bein^  liun^  at  B, 
and  2  P  at  C;  and  it  ta  neoeeury  for  equilibrium  thai  the  dt»- 
toDoe  OB  be  doubk'  of  the  distance  OC.    The  weight  V  required 
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ordinary  screw  were  tuade  to  tarn  in  tJie  dtreetico  in  wliicb  Ute 
couple  t«nda  to  turn,  it  would  advance  in  th«  diruetion  in  which  tlto 
arrow  points.  Also  lot  tJio  lcn|^h  of  thi?  liii«  roprbscnl  Uio  moouint 
of  the  couple.  Tltcn  the  same  liiwo  of  oom{>uHition  and  roKolution 
which  hold  for  forces  acting  at  a  point  will  aUo  hold  for  couplcjt. 
A  line  thus  drawn  to  represent  a  couple  is  called  the  axii  of  tiw 
eouple. 

Jiut  as  any  number  of  forces  actinj;  at  a  point  arc  vJthvr  in 
aquilibrium  or  oquivalent  to  a  ainglfl  fonw.  bo  any  nuinbur  of  coupk« 
^pliod  to  the  (uuiM  rigid  body  (no  niatti<r  to  wlint  {uirte  of  it)  are 
eitlier  in  ttiiuJlibriuni  or  «|uivalont  to  a  ttiii<,'lo  oouple. 

28.  Resultant  of  Force  and  Couple  in  Same  Plane. — II10  n.iiiultant 
of  a  force  and  a  couple  in  the  same  plane  U  a  single  force.  For  tlie 
couple  may  bo  ruplnoed  by  another  of  ec|ual 
luoinont  having  ito  ivjuol  Forcos  P.  Q,  each  equal 
"I  to  tlio  giv^-n  force  F.  and  tho  laUi-c  cnupk'  niay 
'  then  be  turned  about  in  its  own  piniie  and 
carried  into  such  a  position  tliat  one  of  its  two 
forces  destroyB  tho  force  F,  as  represented  in  Fig.  8.  There  will 
thoo  only  remain  the  force  1',  which  v*  eiiual  and  parnllcl  to  F. 

By  reversing  this  procedure,  we  can  show  tliat  a  force  P  which 
do«a  not  pass  through  a  given  point  A  is  equi\*alent  to  an  equal  and 
parmUel  force  F  which  doee  pass  through  it,  t'j-^LiInr  with  a  couple; 
the  uoinunt  of  the  couple  being  the  »auie  as  iho  tuouicnt  of  tho  forcu 
I"  iiUnit  A. 

89.  Oeseral  Besultant  of  any  Number  of  Por«ea  applied  to  a  BJfld 
Bedy.— Force*  applied  to  a  rigid  body  in  lines  which  do  not  ine«t 
in  one  point  are  not  m  general  i-quivRlent  to  a  single  force.  By  the 
proceas  indicated  in  the  concluding  Bent«t>ce  of  tJie  pr«c(>ding 
section,  we  can  replace  the  forces  by  forces  equal  and  parallel  to 
them,  acting  tt  ftoy  asBamed  [loint,  together  with  a  numlwr  of 
ooaplea.  These  oooplce  can  tlicn  be  reilucud  (by  die  principloa  of 
§  87)  to  a  single  couple,  and  the  forces  at  the  point  can  bo  replacril 
by  a  single  force;  »o  that  we  shall  obtAin,  as  the  ooraplctc  resultant, 
a  single  force  applied  at  any  point  we  chooue  to  seJectk  and  a 
couple. 

We  oao  io  general  make  the  couple  smallvr  by  rmolving  it  into 
two  eomponentit  whose  planes  are  respectively  perpendicular  and 
pai^lel  to  the  force,  and  then  compounding  one  of  Uhm  oomponintii 
(the  latter)  with  tiw  force  as  cxpUimvl  in  §  38.  thus  raoiing  thn 


1 


OE.VKRAL  BESDLTAKT. 


16 


(bras  pwallel  to  tbelf  without  altering  it«  ma^itade.  Tl)i»  is  the 
jpmstmt  simplilication  that  is  poaaibla  The  result  is  that  we  liavc 
k  dngis  force  nnd  a  coupU''  whose  plane  \s  pcrpcniJicular  to  the 
forat.  An^  cnmbinatioD  of  forwe  that  can  be  applied  to  t,  rt^d 
boiJy  is  mducihlc  to  a  furuv  acting  along  one  detiititv  line  and  a 
couplo  in  A  plane  perpendicular  to  Urn  line.  Such  a  corohinatitHi 
uf  a  force  .rnd  couple  is  called  a  tvmn^  and  the  "  oiic  ddinito  line  " 
b  oaOed  the  oris  of  the  wrench.  'Die  point  of  ap]>lii.3itiou  of  tlK- 
fane  ia  not  definite,  but  is  any  point  of  the  axia. 

SO.  Applicatjon  to  AetioD  and  Beaction. — Every  odjon  of  force 
that  one  IfoUv  con  exert  u[>on  anotlier  in  reducihle  to  a  wrvncli,  and 
the  law  of  mcttou  te  that  the  second  body  n-ill,  in  every  case,  exert 
upon  the  ftvst  an  equal  and  opposite  wrench.  The  two  wrenchea 
will  have  the  sud«  axis,  i-qual  and  opposite  forces  along  this  axis, 
and  rqu&l  and  opposite  oouplc^s  in  planes  perpendicular  to  it^ 

81.  Beulntion  tht  Inv«rae  of  Com  position.— The  ptocoM  of  finding 
the  reaultaiit.  of  two  or  n>orc  foro-»  U  called  eompoeiiicm.  The 
iavene  process  of  finding  two  or  more  forces  which  shall  together 
ba  ocjoivalent  to  a  given  force,  is  called  resolution,  and  the  two  or 
toon  foroes  thus  found  ore  called  eomponente. 

The  problem  to  resolve  a  force  into  two  componenbi  along  two 
ipvirti  iiam  whirl)  tnect  it  Eu  one  )x>int  and  are  in  tJic  oame  plane 
with  it,  has  a  definite  wlution,  whit-Ji  is  obtained  by  drawing  a 
triangle  whose  sides  are  parallel  respectively  to  the  given  force  and 
Uie  required  conii>oncnts.  The  givt-n  forte  and  the  required  coni- 
pgniEnta  will  be  proportional  to  thi.-  sidi.'s  of  thi;<i  triangle,  each  being 
roproaentod  by  the  aide  parallel  to  it 

The  problrtM  to  resolve  a  force  into  thr^e  components  along  three 
giwn  linsn  whicti  meet  it  in  one  point  and  are  not  in  one  plane,  also 
admit*  of  a  definite  solution. 

3S.  Eeotaa^nlar  BcMlntioo, — In  the  ninjority  of  cases  whidi 
occur  in  jiractiot:  the  n-quircd  comjioitcnts  are  at  ri^^ht  aiiglwt  to  each 
irf-hi^r,  and  the  roaolation  is  tbcn  i«id  to  bo  rectangular.  When  "the 
ooinpoDont  of  a  force  along  a  given  line"  is  mentioned,  without 
anydiing  in  the  context  to  indicate  the  direction  of  the  oth<.T 
wuujMini'Ut  or  components,  it  is  always  to  be  uudi^ratood  that  the 
nwniution  is  rectangular.  Tiic  process  of  fin<ling  the  required 
ampoDBnt  in  this  casu  is  illustrated  by  Kig.  9.  Let  AB  rvprCHunt 
tbtt  given  force  P.  and  lot  AC  be  tlie  line  altrng  wbidi  the  oom- 
{■niMit  of  F  ia  required.     It  is  only  necessarj-  to  drop  from  B  a 
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perpendicular   BO  on  this   iine;  AC  will  represent   the  required 
component.    CB  represents  the  other  component,  which,  along  with 
B   AC,  is  equivalent  to  the  given  force.     If 
the  total  number  of  rectangular  components, 
of  which  AC  represents  one,  is  to  be  three, 
c  then  the  other  two  will  lie  in  a  plane  per- 
nc  s.-OumpiRiait  iiotii  ■  ctm  pendlculaT  to  AC,  and  they  can  be  found  by 
"°'"  again  resolving  CB.    The  magnitude  of  AC 

will  be  the  same  whether  the  number  of  components  be  two  or  three, 

and  the  component  along  AC  will  be  F  ^w  '^^  ^  trigonometrical 

language, 

F  cos .  BAG. 

We  have  thus  the  following  rule: — Thg  component  of  a  given  force 
along  a  given  line  ia  found  by  multi^ying  the  force  by  the  cosine 
of  the  a/ngU  betioeen  Ha  own  direction  and  that  of  the  Teqvdred 
component 
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83.  Grantor  is  tho  force  to  which  we  owe  tlie  nunes  "up"  aitd 
*do(rn."  The  •lin-ctioii  la  wliicli  gravity  acta  at  any  place  is  called 
tb«  downWftrd  tliruclioii,  uid  s  liiiu  druwQ  accurutt.-ty  in  tliis  Jiri'c- 
tioa  »  caUed  vertical;  U  is  tlio  tiiroctJon  asHuinvd  by  a  pluiub-linv. 
A  pUne  perpcndicuJar  to  Ihli  dircctioD  is  called  hcrrismital,  and  is 
parallel  to  the  surfaca  of  a  Ut|iiid  at  rest  The  verticals  at  diHerent 
plaees  ar«  not  panlkl,  but  are  inclined  at  an  angle  which  is 
approximat«ly  proportioital  to  tjio  distance  between  tho  placui. 
It  utiotint«  to  180"  whfii  tho  places  arc  autipudul,  and  to  about  1' 
vb«n  their  distance  is  one  geographical  nule,  or  to  about  1'  Cor 
evtrry  !iun<lrt;d  feet.  Htaiee,  when  we  are  dealing  with  tlie  action 
of  gr&\'ity  on  a  body  a  few  feet  or  a  few  hundred  feet  in  length, 
wo  may  practically  regard  the  action  as  consisting  of  parallel 
fonoL 

84.  Centn  of  Gravity. — Lot  A  and  B  be  any  two  particles  of  a 
rigid  body,  let  w,  b«  the  weight  of  th«  particle  A.  and  w.  the  weight 
of  B.  The«!  weightA  are  parallel  forces,  and  tlieir  resultant  divides 
thtt  line  Ail  in  the  invente  ratio  of  the  forces.  As  the  body  is 
tunuKl  about  into  ditfervnt  poeitions.  the  forces  w,  and  Wj  remain 
unchanged  in  magnitude,  and  hence  the  resultant  cuU  Alt  always 
in  the  fiuno  point.  This  point  is  called  the  centre  of  the  paroUcl 
foiCM  w,  and  w,,  or  the  centre  of  gravity  of  the  two  particles  A  and 
B,  The  mngnittide  of  the  resultant  will  be  w,+v,,  and  we  may 
nibitJtutc  it  for  tlie  two  forwa  thenwelves;  in  otJier  wordi*,  we  may 
■uppoM  the  two  {ksrticles  A  and  U  to  be  collected  at  their  CL-nlro 
of  jfTSvity.  Wo  can  now  combine  this  resultant  with  Uic  weight 
of  a  third  pArtide  of  the  body,  and  shall  thus  oUain  a  re&ultant 
w,4-w^-t-  W(,  passing  tlirougb  a  dvBuibe  point  in  tlie  line  which  Joins 
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the  third  particle  to  tb«  centre  of  graTit;  of  the  first  twa  The  first 
three  particles  may  now  be  suppoHtx)  to  be  collcct«d  at  this  point, 
and  tlic  same  rtajMining  may  bv  vxtonded  tintll  all  tlto  particl<»  have 
boi-Q  coUccf:*]  at  one  point.  Thi«  jKiint  will  U;  Uic  cmtre  oj  gravity 
of  the  whole  body.  From  tli»  uinnncj-  in  wlildi  it  hiu  bc>en  ob- 
tained, it  pOHHefcMs  the  propt^rty  that  Ihe  remitant  of  all  lite  j'orctm 
o/  gravity  on  the  body  /muunm  Utrvugh  it,  in  every  position  in  tehich 
the  body  can  bt  jUaeed,  Tlio  rmultant  forco  of  gravity  upon  a 
rigid  body  is  Uivrofon  a  ainglo  fonw  (jaHBiing  tliruugh  itA  centre 
of  gravity. 

S5.  C«ntre8  of  Gravity  of  Volumes.  Areas,  and  Lines. — If  the  bo<ly 
is  hoiiiogeneouit  (that  is  compoeed  of  uniform  sulintance  tlirougliout), 
the  position  of  the  centre  of  gravity  depends  only  on  the  figure,  and 
in  this  scn»c  it  is  usual  to  Speak  of  the  oeiitrL^  of  gravity  of  a  figure. 
In  lik«  mannor  it  is  eustonuuy  to  i^pcak  of  the  centres  of  gravity 
of  areas  and  line«,  an  area  being  identitted  in  thought  with  a  tliin 
tuiifonn  plate,  and  a  line  with  a  thin  uniform  wire. 

It  is  nut  ne«oasary  that  a  body  ahould  be  rigid  in  order  that  it 
may  liavu  a  centre  of  gravity.  We  may  K|>i;ak  of  the  eentro  of 
gra\'ity  of  a  mass  of  fluid,  or  of  tlie  centre  of  graxHty  of  a  systoot 
of  bodies  not  connM:t«d  in  any  way.  The  aatne  point  which  would 
be  the  centre  of  grarity  if  all  tJie  parts  were  rigidly  connected,  is 
still  calletl  by  this  name  whether  they  are  connected  or  not, 

36.  Hetbods  of  Finding  Centres  of  Orevity. — Whenever  a  homo- 
grneous  body  contains  a  point  whidi  bisects  all  lines  in  the  body 
that  can  be  drawn  through  it,  this  point  must  be  the  centre  of 
gravity.  The  centres  of  a  sphere,  a  circle,  a  cube,  a  sqnaru.  an 
ellipM.  an  ellipswd,  a  parallelogram,  and  a  paraJIclopipod,  are  ex- 
amples. 

Again,  wh«o  a  body  conmla  of  a  finite  number  of  parts  wlin«e 
weights  and  centres  of  gravity  are  known,  we  may  regard  each  part 
as  collected  at  its  own  centre  of  gravity. 

When  the  parts  are  at  all  numerous,  tlio  tinal  result  will  mcnt 
rvailily  be  obtainitd  by  the  use  of  tlie  formula 
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wfaem  P  denotes  the  weight  of  any  part,  x  the  distance  of  its  centre 
of  gravity  from  any  plane,  and  ct  the  difitance  of  the  centre  of 
gravity  of  the  whole  from  that  plane.    We  have  already  in  §  S3 
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proved  this  fonouls  for  the  caa^  in  n-hioh  Uio  centres  of  gmvtty  tie 
ta  otut  «tnugbt  linu  aoii  x  denote!)  diitlanoe  from  a  puiat  in  Ihb  liu«; 
•nd  it  is  not  >lit)k-u]i,  hy  ttiv  help  of  Uie  ])ro{M!rtic«  of  siiuitAr 
truutgloK,  to  inakc  tlic  proof  (;oncnil. 

87.  Centre  of  Ortvlty  of  a  Triangle.— To  find  the  centre  of  gmvity 
uf  a  biaoglo  ABC  (Fig.  10),  wo  uiay  bi-ifin  hy  supposing  it  divided 
into  Dorrow  strips  hy  liues  (sncli  an  be)  pandld  to  fiC.  It.  aui  Ih> 
khuDTD.  b^  Hiiiiilar  triangles,  that  each  of  Ibetw  atrijw  is  biiivcted  by 
thv  lia«  AX>  drawn  from  A  to  I)  the 
middlu  jwint  of  BC.  Rut  i-ncli  MtHp  ntay 
bo  eoUoetod  at  it«  own  cuntrv  of  Ki'iivity,  i^-/-  -K* 

thai  it  At  it«  own  middle  point;  hvnvc-  the  /^     /     je 

wh'iU^  Inanglu  may  he  oollecu-'l  on  the  Une 
Ai>;  its  centre  of  gravity  must  therefore 
be  ftitnaU^d  Upon  this  line  Siinihir  rru^ion-  ^ 
tnf(  ahowB  that  it  ihiuI  lie  upon  tho  lino 
HE  ilnwn  froin  B  to  thv  niid<flu  point  of  AO.  It  i«  tlterefore  the 
iiib^nii'tioo  of  tli<««  two  lines.  If  we  join  L)E  we  can  tihuw  that 
tJie  tmn^lee  AQB,  Dan,,  are  similar,  and  that 
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DO  b  themfora  one  third  of  DA.  The  centre  <jS  ^avity  of  a 
trian;:)!'  titcrufure  lifut  tipoii  thi>  Liuii  joining  any  comer  to  tin-  middle 
[toint  iif  tilt:  upiHwite  aide,  and  i»  at  one-third  of  the  longtli  of  tliui 
Utte  from  thi'  mid  where  it  mtiets  tliat  tiid& 

It  is  viirthy  of  retnarlc  that  if  tltive  equal  particles  are  placed  at, 
the  ciimere  uf  any  triangle,  ttiey  Ituvo  the  aauie  centre  of  gravity  as 
the  triangle.  Fur  the  twn  paritcIi-M  at  B  and  C  may  lie  collected  at 
the  middli>  point  D,  and  thin  double  gutrticic  at  D,  t'l-^c-tlier  with  the 
single  partide  at  A,  will  hiivc  thdr  centre  of  gravity  at  O,  uiocc  0 
dtviden  DA  in  tlic  ratio  of  1  to  2. 

88.  Centre  of  Orarit;  of  a  Fyiamid. — If  a  p^rramid  or  a  cone  be 
divided  into  liiin  slicue  by  phLnL->  parallel  to  itfl  batu.',  and  a  straight 
lion  b)!  drawn  from  the  vett^^ix  to  the  centre  of  gravity  of  the  base, 
thia  lino  will  paw  tliroiigh  iJio  oi-ntm>  of  gravity  of  all  the  alieea, 
finof  all  the  aticect  are  Mntilar  to  the  baae,  and  are  similarly  cut  hy 
thi*  line. 

In  a  tetrahedron  or  triangular  pyranud.  if  D  (Fig.  II)  be  the 
eaotrv  of  gravity  of  ooa  face,  and  A  be  Uie  oomcr  opposite  to  this 
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faco,  tb«  centre  of  gravity  of  th«  pyramid  must  lie  upon  the  line 

AD.  In  tiko  manner,  if  E  Im  tlie 
centre  of  gravity  of  one  face,  the  contra 
of  ^uvity  of  Uio  pyramid  must  lie 
u[)on  the  line  Joining  E  with  the  oppo- 
site corner  B.  It  must  tliercfore  be 
the  intereection  0  of  thene  two  lines. 
That  they  do  intersect  is  otherwise 
obvious,  for  the  lines  AE,  BD  meet  in 
C,  thi;  tiud<lle  point  of  one  edge  of  the 
pyramid.  K  being  found  by  Uikin^;  CE 
one  tliird  of  CA,  and  D  by  taking  CD 

iri»  lt-o«(noroHmj.rT«««h«Am.  oq^  third  of  CB. 

If  D,  E  be  joined,  we  can  show  that  the  joining  line  is  parallel  to 
BA,  and  that  the  triangles  AOB,  DOE  are  similar.     lienca 


AO      AB      BO 

Oli  "Kt"  CC 


=  1. 


Tliat  is,  the  line  AD  joining  any  comer  to  the  centre  of  gTa»'ity  of 
tlie  opposite  face,  is  cut  in  the  ratio  of  3  to  1  by  the  centre  uf  gravity 
G  of  the  triangle.  DO  is  therefore  one-fourth  of  DA,  and  the  dis- 
taooo  of  the  centre  of  gravity  from  any  face  is  oD«-fourth  of  the 
disUnce  of  tlic  opposite  comer. 

A  pyramid  utot^ding  ou  a  polygonal  bose  cad  be  cut  ap  into  tri* 
angular  pyramids  aUuding  on  the  triangular  bases  into  which  the 

polygon  can   be  divided,  and    ha%-ing 
the  same  vertex  as  tlie  whole  pyramid. 
The  centres  of  gravity  of  those  trian- 
gular pyramids  arc  all   at   the  samo 
perpendicular  distonoo  from  the  boso. 
namely  at  one-fourth  of  the  distance 
of  the  vertex,  which  is  therefore  Uie 
distance  of   the  centre  of  gravity  of 
the  whole  from  the  base.    The  ovntre 
of  gravity  of  any  pyramid  is  thero- 
fore  found   by  joining   the  vertex   to 
n.  It-  cM..rfo»>»ro(rn— u.    t],fl  eentn  of  gravity  of  the  bnae,  and 
cutting  off  one-fourth  of  the  joining  line  from  the  end  where  it  meets 
the  baso.    Tb«  nme  rule  a[>]>lies  to  a  cone,  since  a  oone  may  be 
ragsrdDd  as  a  polygonal  pyramid  with  a  very  targe  number  of  sidca. 
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39.  If  foor  equal  particleo  are  plitoed  at  the  oorncra  of  a  triangular 
pjrarnid,  they  will  have  tlie  same  centre  of  gravity  as  the  pjiumiJ. 
For  threo  of  them  may.  aa  wo  have  seen  (§  37)  be  collwdod  at  the 
oentr*  of  gravity  of  one  face;  and  tlie  ctntrc  of  gravity  of  tlit-  four 
partidci  will  divide  tbo  line  which  joim  this  point  to  tlw  fourth,  in 
the  ratio  of  I  to  3. 

40.  Coaditiott  of  Staadlag  or  Falliofr. — When  a  hvavy  body  atanc)* 
oo  a  base  of  tiuite  area, 
and  remains  in  eqoili- 
brima  under  th»  action 
of  its  own  weight  and  the 
roaction  of  thin  bono,  th« 
vertical  throogh  it«  ovntn- 
of  gtmrity  mast  fall  witb- 
in  the  base.  If  the  bml\ 
is  Biqiported  on  three  •■! 
more  points,  as  in  Fig.  i:(, 
wa  ar«  to  understand  by 
the  baae  tba  ocovex'  poly- 
gOD  wbow  Mmcn  an  the 
ptunta  of  vupport;  for  if  a  body  ao  oupported  tunu  ovi-r,  it  muat 
turn  altout  the  line  joining  two  nf  these  pginttt. 

41.  Body  Bnpport«d  at  one  Point. — When  a  heavy  body  supported 
at  one  point  reoaioB  at  rest,  the  reaction  of  the  point  of  support 
eqnilibratea  the  force  of  gravity.  But  two  forcm  cannot  be  in 
•quiUbrium  onleea  they  have  the  sanic  line  of  action;  bonce  the  ver- 
tical through  tliQ  centre  of  gravity  of  the  body  niUHt  paw  tiirough 
the  pmal  of  support.  If  itutvad  of  )>«ing  Hup]K)rtc'<l  at  a  point, 
tho  heavy  body  la  supported  by  an  axifi  alx>ut  which  it  is  free  to 
tom.  the  vertical  through  the  centre  of  gravity  must  pass  through 
thiaaicia. 

42.  ataWUty  and  iBataMlity.— Whiin  tlic  point  of  support,  or  axis 
of  nupport.  is  vertically  below  the  centre  of  gravity,  it  is  easily  seen 
that,  if  the  body  were  duplaced  a  little  to  either  side,  the  forces  act* 
log  upon  it  wnuld  turn  it  tttill  further  away  from  the  position 
of  v<iuilil)riuin.  On  the  other  hand,  when  the  point  or  axis  of  sup- 
port »  Tvrtically  ofiow  the  centre  of  gravity,  tlie  forces  which  would 

■  n*  wonl  MHK*  b  iOMftxt  I"  iaiietla  Uiit  Htm  nurt  b<  no  ra-«vtnnt  aagln. 
Amy  |i  ^iil»  ol  luffon  whicb  U«  wtdiln  Um  pol7i,-°n  tonuo4  by  Joining  tbo  n«,  man  b« 
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act  Upon  it  if  it  were  slightly  displaced  would  tend  to  restore  it 
In  the  latter  case  the  equilibrium  is  said  to  be  stable,  in  the  former 
v.7i9table. 

When  the  centre  of  gravity  coincides  with  the  point  of  support, 
or  lies  upon  the  asia  of  support,  the  body 
will  still  be  in  equilibrium  when  turned 
about  this  point  or  axis  into  any  other 
position.  In  this  case  the  equilibrium  is 
neither  stable  nor  unstable  but  is  called 
neutral. 

43.  Experimental  determinatioo  of  0«n- 

tre  of  Gravity. — In  general,  if  we  suspend 

a  body  by  any  point,  in  such  a  manner 

that  it  is  free  to  turn  about  this  point,  it 

will  come  to  rest  in  a  position  of  stable 

equilibrium.     The  centre  of  gravity  will 

then  be  vertically  beneath  the  point  of 

Ki(.  u.-KiiMriin<'nt:ii  UFunuiDiuaa  suppoi't.     If   we  now  suspend  the  body 

mm      ni'Mj.  fj-ijiii  another  point,  the  centre  of  gravity 

will  come  vertically  beiifnth  this.     The  intersection  of  these  two 

verticals  will  therefore  be  the  centre  of  gravity  (Fig.  14). 

44,  To  find  the  centre  of  gi-a^ity  of  a  flat  plate  or  board  (Fig.  15), 
we  may  susp<.nd  it  from  a  point  near  its  circumfer- 
ence, in  such  a  manner  that  it  sets  itself  in  a  ver- 
ticiil  plane.  Let  a  plumb-line  be  at  the  same  time 
Mi>|i"n<loH  from  the  same  point,  and  made  to  leave 
it.-,  trace  upon  the  board  by  chalking  and  "snap- 
ping" it.  Let  the  board  now  be  suspended  from 
another  point,  and  the  opi-ra(ion  bo  rejicatcd.  The 
twi>  chalk  lined  will  intonsici  each  other  at  that 
point  of  the  face  which  is  opposite  to  the  centre 
of  gm\ity;  th''  centre  of  gra\ity  itself  being  of 
course  in  the  sulwtanee  of  the  board. 

45.  Work  done  against  Qravity. — ^Vhen  a  heavy 
body  is  raised,  wirk  is  said  to  be  done  against  gravity,  and  the 
amount  of  this  wmk  is  reckoned  by  multiplyinfr  together  the  weight 
of  the  boriy  and  the  height  through  which  it  is  raised.  Horizontal 
movement  does  not  coxint,  and  i\hen  a  body  is  raised  obliquely, only 
the  vertical  comiHinent  of  the  motion  is  to  be  reckoned. 

Suppose,  now,  that  we  have  a  number  of  particles  whose  weights 
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M^  *"»  *"*  ^^>  ^'>*'  '^^  ^^  heights  above  a  given  liorizontol 
plue  be  respectively  A,.  A^  A,  kc  We  know  l>y  w^imtion  (3). 
g  23,  tliat  if  £  denut«  the  beiglit  of  tlioir  n-iitru  of  gravity  we 
ban 

L)^t  thtf  (Mttidtis  now  be  niiiwd  into  new  posilion»  in  which  their 
hMght«  above  tJM>  muiiv  plane  trf  ref«wiM»  are  reapectiveiy  H,.  Hj, 
H,  ke.  Tbe  bviglit  U  of  thvir  cicntn,'  uf  grnvity  will  now  be  such 
that 

Frooi  thcM  two  H)uiitiutM,  wu  find,  by  subtraction 

(•,  +  «,>4cMfi^-*l  =  "ilH, -*,)  +  »,  lH,-i.l  +  »«.  («) 

Now  H,— A,  ifl  the  height  through  whicli  the  particle  of  weight  W| 
haa  l>een  raised;  hence  the  wortc  <h>ne  against  gravity  in  rabting  It  is 
t^  <Uj— At)  and  the  Mx^nd  member  of  e<)uatioit  (0)  tlierefore 
BXpnsMus  tbe  whole  amount  of  work  done  against  gravity.  Rut  the 
tint  meiober  i-xprvesee  the  work  which  would  be  done  tn  raising  all 
the  fioriiclai  duvujih  a  uiiirorm  height  H— A,  whidi  is  the  hvi;;lit 
at  tht  new  position  of  lliu  centre  of  gravity  abuw  tlie  old.  The 
work  done  against  gravity  in  raising  any  system  of  bodies  will 
tbi'-refiirA  be  correctly  couiptitM]  by  iiii]<])<:i^ing  all  the  system  to  1>e 
eollect«d  at  its  centre  of  gTa\-ity.  For  example,  the  work  done  in 
faMinf*  bricks  and  roortar  from  the  ground  to  build  a  chimney,  is 
wiual  to  the  total  weight  of  the  chimney  multiplied  by  the  bvight 
of  its  ocntn  of  gravity  aliovc  the  ground. 

M.  Tbe  Centre  of  OraTtty  tends  t«  Descend. — When  the  forces 
wbklt  tend  to  move  a  K}-»t«in  are  »iiii]ily  thi^  weighta  of  ita  juirtA,  we 
can  duteruiine  wbetlier  it  in  in  e(|uilibriuni  by  observing  the  paUi  in 
which  its  centre  of  gmvity  would  travel  if  movement  took  piece. 
If  we  suppose  this  path  to  represent  a  hard  friL-tionlese  surfacv,  and 
tbti  ceotre  of  gravity  to  represent  a  heavy  particle  plsced  upon  it. 
the  ootidttions  of  «]»ilil>riuin  will  Iw  Uic  «ame  as  in  the  actual  case. 
The  cnotrv'if  gnivity  t<-nibi  to  nin  down  hilljunt  as  a  heavy  particle 
do«a.  Then?  will  Ih.>  xtnblo  equilibrium  if  the  centre  of  gravity  is  at 
the  Intttiut  uf  a  valley  in  it«  jiath.  and  nnstable  equilibriimi  if  it  is 
at  the  top  of  a  bill  When  a  rigid  body  turns  about  n  boriwmtal 
axt»,  the  path  of  itA  centre  of  gravity  is  a  circle  in  a  vertical  plane. 
The  highest  and  loweet  points  of  thb  drclo  tav  the  jxxiitions  of  tbe 
emtro  of  gravi^  in  unstable  and  stable  equilibrium  respectively; 
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•zeopi  whuo  tho  ftxia  travcncs  tlic  cvntrc  of  gravity  ibvlf,  in  which 
CMC  tho  centre  of  gravity  can  neither  rise  nor  fall,  and  the  eqaili- 
britiD)  in  nibutr&l. 

A  uuiform  sphere  or  <^'Iinder  lying  on  a  horizontal  plan«  is  in 
neutral  equilibrium,  becuise  its  centre  of  gravity  will  neither  be 
TBised  nor  lowered  by  rolling.  An  egg  balanced  on  its  end  as  in 
Fig.  16,  is  in  unstable  equilibriuro.bccauw  its  centre  of  gravity  is  at 
the  top  of  a  hill  which  it  will  desoead  wben  the  egg  rolls  to  one  ude. 
The  posiUon  of  equilibrium  lOiown  in  Fig.  17  ijt  ntable  as  regards 
rolling  to  toft  or  right,  because  Oie  i>atli  of  ibi  centre  of  gravity  in 
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nch  rolling  would  be  a  curve  whoeu  lowwt  point  is  that  now  occU" 
pied  by  tlie  cvatrv  of  ^^vity.  A«  regards  rolling  in  the  din-ction  at 
right  angle*  to  thi«,  if  tJie  «^  ia  a  true  aoUd  of  nwolution,  the  iK]uili- 
hrium  is  neutral. 

47.  Work  done  by  Qravity. — When  a  heavy  body  is  Iift4»l,  the 
lifting  force  does  work  a^^aiust  gravity.  When  it  descends  gravity 
doee  work  upon  it;  and  if  it  descends  to  the  same  potution  from 
which  it  was  lifted,  the  work  done  by  gravity  in  tlto  descent  is 
equal  to  the  work  dono  against  gravity  in  the  lifting;  each  being 
equal  to  the  weight  of  tlw  body  multiplied  hy  the  vertical  di^laoc- 
Dwnt  of  ilA  centre  of  gravity.  The  tendency  of  tlie  centre  of  gravity 
to  descend  is  a  manif&itation  of  the  tenden<^  of  gravity  to  do  work; 
and  tluB  tendency  is  not  ])oculiar  to  gravity. 

48,  Work  done  by  any  Force. — A  force  ia  said  to  do  work  when  its 
point  of  application  movm  in  the  direction  of  the  force,  or  in  any 
41nction  making  an  acutti  aiiglu  witli  this,  so  as  to  give  a  compoDttnt 
displacement  in  the  direction  of  the  force;  and  the  amount  of  work 
done  is  the  product  of  the  force  by  tlits  component.    If  V  denote 
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Ute  EoroD,  a  ihv  displaoouioDt,  nod  S  the  angle  between  th«  two,  the 

work  done  by  F  is 

V  aeeai, 

which  b  whAt  we  oUftin  either  by  the  above  rule  or  by  multiplying 
the  whole  dtspUcetnttnt  by  the  vflvctive  component  of  V,  Uint  is  tito 
oampoMilt  of  P  in  tlio  direction  of  the  displaccin(<nt  If  the  &ngle 
A  U  obtuse,  coei  9  ia  ncgutiw  and  the  foi-<x:  F  dous  ucgutivo  work.  If 
«  is  a  right  angle  F  does  no  work.  In  this  otse  F  neither  assista 
DOT  rauAta  the  displactftiient.  When  9  is  acute,  F  a.Siti8t«  the  dii«- 
pUoetaest,  and  would  produce  it  if  the  body  were  oontttroined  by 
guides  which  left  it  free  to  take  this  displacement  and  the  directly 
of^todte  one.  while  preventing  all  otlien. 

If  0  is  obtuse,  F  reaiittti  the  displucomcnt,  and  would  produce  the 
oppoaito  displscement  if  the  body  wsre  consbunod  in  the  manner 
just  tuppoaed. 

49.  ^ndple  of  Work. — If  any  number  of  foroe»  act  upon  a  body 
which  is  only  free  to  move  in  a  particular  direction  and  ita  opposite. 
we  oon  tell  in  which  of  these  two  directions  it  will  move  by  calcu- 
lating the  work  which  each  force  would  da  Each  force  would  do 
positiTe  Work  when  the  displacement  is  in  ono  direction,  and  nega- 
tive work  wlicn  it  is  in  the  opposite  direction,  the  absolute  amounts 
of  work  being  Uie  itaiiie  in  both  cases  if  the  duiplacements  are  equal. 
The  body  will  upon  the  whole  be  urged  in  Uiat  direction  which  gives 
so  cntoeas  of  positive  work  over  negative.  If  do  such  excess  exists, 
but  the  amounts  of  positive  and  negative  work  are  exactly  equal, 
tbs  body  is  in  equilibrium.  I'hiit  principle  (which  has  been  colled 
the  principle  of  virtwd  vtloeitus,  but  is  better  called  tlie  priimpU 
of  work)  is  often  of  great  use  in  enabling  us  to  calculate  the  ratio 
which  two  forces  applied  in  given  ways  to  the  same  body  must  have 
ia  ord«r  to  equihbrate  each  other.  It  applii.'s  not  only  to  the 
"twdianicBl  powen"  and  all  combSnations  of  solid  miichinery,  but 
•In  Io  hydrastatic  arTBogementn;  for  example  to  Uic  hyiiraulic 
pTMi  The  condition  of  equilibrium  between  two  Forces  applied  to 
any  frictJuoless  machine  and  tending  to  drive  it  opposite  ways,  is 
thst  in  a  smftU  movement  of  tlio  machine  they  would  do  equal  and 
(ippusito  anioants  of  work.  Thus  in  the  scruw-prun  (Fig.  30)  tlie 
lonM  applied  to  one  of  the  handles,  multiplied  by  the  distance 
thnmgh  which  tliitt  handle  moves,  will  be  equal  to  the  pressure 
which  this  force  produces  at  the  foot  of  the  screw,  multiplied  by  th« 
■<'■*■"*■»  tliat  the  screw  travels. 
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This  is  OD  the  suppoBitioa  of  no  friction.  A  (rictionlen  nuidtia* 
gives  out  iJie  bbiuo  aiiiuiiut  of  work  which  in  spont  in  driving  it 
TliQ  elTcct  of  frtetioii  is  tu  make  tlte  work  given  out  less  Uiaii  the 
work  put  in.  lluch  fruitk-«s  ingenuity  has  been  exjiended  upon 
oontrivanoes  for  circumventing  this  law  of  uature  luul  producing  *> 
machine  which  shall  give  out  more  work  tlinn  is  put  into  iL  Such 
oontrivancea  are  calliMl  "  porpt-lual  motion!*." 

50.  Oeneral  Criterion  of  Stability. — If  the  forces  which  act  upon 
a  Wly  and  protluoe  equilibrium  remain  unchauged  in  magnitude 
and  direction  when  the  body  moves  away  from  its  position,  and 
if  the  velocities  of  their  points  of  a])pli<»tion  aUo  remain  uncliati;^ 
in  direction  and  in  their  ratio  to  each  oth^r,  it  a  obviotu  Utitl  tJin 
e<quality  of  positive  and  negative  work  which  subsiKts  at  tli« 
butjiniiing  of  tli«  uiolioo  will  continue  to  nubtiittt  tJtronghiiut  thn 
untire  motion,  the  body  will  Uierefoi'c  rcnuiin  in  equililvium 
when  displaced.     Its  equilibriuin  is  in  this  case  said  to  be  neutral. 

If  the  forces  which  are  in  vtiuilibriuni  in  a  given  position  of  the 
body,  gradually  change  fo  direction  or  nuignitudo  as  the  body  moves 
away  from  tiiis  positiou,  the  equality  of  poNitive  and  negative 
work  will  not  in  general  continue  to  sulMtjit,  and  the  ini'quality  will 
inenww  with  tbo  <l]>ii>laoeiinnt  If  the  body  be  duiplaowi  will)  a 
oonittant  veloei^  and  in  a  unifomi  manner,  tlie  rate  of  doing  work, 
which  is  xero  at  fint.  will  not  continue  to  be  zero,  but  will  hare  a 
value,  whether  positive  or  negative,  increasing  in  simple  proportion 
to  the  displacement.  Hcnc  it  can  be  shown  that  the  whole  work 
done  is  in  a  auioU  movement  proportional  to  the  square  of  tlie  dis- 
placeraenb,  for  when  wo  double  the  displooement  wv,  at  the  same 
tiniv,  ilouhle  the  awan  working  force. 

If  tliis  work  IN  positive,  the  foroi-n  osiiiHt  the  displactnnent  and  tend 
to  incroMt  it;  the  e()uilibriuin  nniMt  t)H-n>forc  have  bwn  unstable. 

On  the  olhiT  hand,  if  the  wwrk  ia  uugativo  in  all  pomible  di^laoe- 
monts  fnnii  the  position  of  equilibrium,  the  foreoH  oppOM  the 
dl>iploi!rn)fnlit  and  the  equilibrium  is  Htalile. 

61.  IlluBlration  of  Stability. — A  good  example  of  Htabti'  iy)uili- 
luium  of  tliis  kind  is  funiii^hL-d  liy  Qraviaamlr'a  appnratux  (Fig.  3) 
flfmplified  by  removing  the  parallflograra  and  employing  a  string 
to  ^UI^I»^>rt  tlii'  ilir"i»  wifilitr  one  of  Ihrm  P'  being  fsK^tened  to  it  at 
A  jMjint  A  near  ttA  middle,  and  Uie  otlicm  P,  P'  to  its  ends.  The 
point  A  will  tako  tbo  aam«  position  aa  In  the  figure,  and  will  return 
to  It  aicain  when  di^ploceil.     If  we  lake  hold  of  the  pcnnt  A  and 
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mnTV  it  in  any  diivctiitn  vrlictlicr  in  the  plane  of  the  sttring  or  out 
o(  H,  we  Toe)  thai  at  tjnt  tticr«  is  hai-iJIy  uny  rcsutance  and  the 
mnallmt  force  w«  can  apply  ptxxiueos  a  sennil)l«  disturbance;  but 
llwt  «■  the  dUpUcement  iRcresa«s  the  n»istancu  K-comm  greater. 
If  w«  releane  thu  point  A  when  displaced,  it  will  execute  «««illatJonB, 
which  will  become  gradually  smaller,  owing  to  Miction,  and  it  will 
tiiully  come  to  root  in  it«  ori<nnn]  pofiition  of  cfgiiilihriuin. 

The  centre  of  gravity  of  tite  three  wvi{jhM  i^  in  ita  lowest 
pooitiou  when  Uie  Bystem  is  in  e<iui)ibrium,  and  when  a  aniall  dts- 
plaooinent  ia  produced  the  centre  of  gravity  risea  by  an  amount 
proportional  to  its  square,  so  Uiat  a  double  displacement  pruducea 
a  quadruple  rise  of  tho  centre  of  gravity. 

In  Uiis  Ulnstration  the  thrv«  forces  remain  unchaii^'Otl,  and  the 
diractiooa  ol  two  of  tliem  diangr  gntduaJly  oa  th(^  {M>)iii  A  is  moved. 
Wbecunw  the  drcuni^Umooa  of  trtaidc  i-t(ii)libnui»  are  kucI)  that  the 
foroaa  make  no  abrupt  changes  ^ther  in  dtivrlion  or  nin^'nitude  for 
•nail  diafdaeements,  the  renstance  will,  aa  in  thin  case,  be  propor- 
tional lo  the  displacement  (when  small),  and  the  work  to  ihe  square 
of  the  diisplacoment,  and  the  system  will  oscillate  if  displaced  and 
then  Ifft  to  itself, 

S8.  BUbtUty  wbere  Poron  vary  abruptly  witJi  PoBitlon.— Tliure 
an-  otltcr  nuM-x  of  hUI'U-  equilil>riuu)  which  may  be  illu>'trat«d  by 
thn  uxaroplu  of  a  book  lying  on  a  table.  If  we  di'^pUce  it  by  lifting 
one  edge,  the  force  whti^  we  must  exert  does  not  increase  with  the 
diff|dacvmrnt,  but  is  si^nsibly  constant  w)u-n  the  displnwrncnt  is 
■mall,  and  as  a  conscijiicucc  tlie  work  will  he.  niuiply  proportional 
lo  the  disiilacvment.  Ilie  reason  in,  that  one  of  the  forces  concerned 
in  producing  ■■<|iiilihrium,  namely,  the  upward  preaoure  of  the  table, 
diangfls  prr  Mltum  at  the  moment  when  the  displacement  begins. 
In  applying  the  principle  of  work  to  such  a  case  as  this,  we  must 
•iDploy,  instead  of  the  actual  work  done  by  the  force  which  chan;^ 
abrujitly,  thu  work  which  it  would  do  if  itA  nia^iiltidu  and  dir<.-cti<jn 
mnuiined  uncliangvl,  or  only  changed  gradually. 

63.  niuBtralioM  from  l^>y», — The  .ttability  nf  the  "balancer" 
(Fi^.  IK)  di;jtondH  ou  the  fact  Hxat,  owing  to  the  weight  of  the  two 
luailcn  bftlln,  wliich  are  rigidly  attached  lo  the  figure  by  stitT  wirea, 
lite  cotttre  of  gravity  of  the  whole  is  K-low  the  point  of  oiipporL 
If  the  figtire  be  disturbed  it  ovcitlatvit,  and  titially  comes  to  rest  in  a 
poaiti'in  in  wliich  the  centre  of  gmvity  b  vertically  under  tLe  toe 
on  which  the  figure  stands. 
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The  "tjomblcr"  (Fig,  10)  consUta  of  a  light  figure  attadied  to  a 
homtsphvre  at  lead,  tbo  centre  of  gnvity  of  the  whole  being 

bctweoQ  tlie  coiitro  of  gravity  of 
the  h«inisphcru  luid  thv  cvDtru  of 
the  sphere  to  which  it  b«loDgB. 
When  placed  ii])on  a  l«vel  table, 
the  lowest  poeitioa  of  tJie  oentre 
of  gra\-ity  is  that  in  which  the 
figure  is  upright,  and  it  acoord- 
ingly  returns  to  Uiis  po«ition  wfaeo 
displaced. 

S4.  Limita  of  Stabilitr.— In  the 
forogoing  discuasion  we  have  em- 
ployed the  tonn  "otability "  in 
its  etrict  mathematical  senaei.  Bat 
there  are  carni  in  which,  though 
amall  disptac^ments  would  merel7 
produce  small  oscillations,  lai;ger 
difipUcements  would  cause  the 
body,  whon  left  to  itwlf.  to  fall 
entirely  away  from  the  giv«a 
position  of  oqutlibrium.  ThLi  may 
be  expre^nod  by  aaying  that  Uie 
equilibrium  in  ntable  for  diitplacomento  lying  within  certain  limits, 
but  unstable  fur  dispInoeuienU  beyond  these  limita.   The  equilibrium 


I 


ru  i« 


r«  iv-TiH*y«. 


of  A  system  is  praeticalty  unslAbie  when  the  displacements  which 
it  is  likely  to  receive  trotn  accadontal  disturbaaca  lio  boyond  ita 
UroitA  of  stability. 


CHAPTER  IV, 


TKK  UIXHAMCAL   POWKBS. 


55.  We  now  proceed  to  a  few  practical  applications  of  the  fore- 
gcing  principles;  and  we  sbaJI  begin  with  Ihv  »o-culItid  "  mediantcal 

kpowers,"  namely,  the  Itver,  the  whed  and  axU,  the  pulUy,  the 
inetined  f^ne,  the  wedge,  and  the  screuf. 

56.  Lover. — Problonu  relating  to  the  lever  are  imually  most  con- 
.Teaiontljr  solved  hy  taking  moments  round  the  fulcrum.  The 
'femtnl  condition  of  c<iuilibriuni  is,  that  the  momenta  of  the  power 

and  tho  weight  about  the  fulcrum  must  be  in  c^poeite  directionB, 
*H)d  noit  be  aqaal.    When  the  power  and  wviglit  act  in  parallel 

dirsctJoDa,  ibe  oooditJons  of  equilibrium  are  precisely  titosc  of  three 

parallel  Forces  (§  19),  the  third  force  being  the  reaction  of  the 

fnlcruro. 
It  it  mual  to  duitingiiteh  tiiree  "  ordcra  "  of  l«ver.    In  leveni  of 
|lbo  fint  order  (Fig.  SO)  the  fulcrum  is  bctweun  thu  power  and  the 
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wNght.  Id  those  of  the  second  order  (Fig.  21)  tl>e  wv^igbt  is 
ibatwaoo  the  power  and  tho  fulcrum.  In  tho!>i!  of  the  tliird  order 
^(FI^  SS)  ilte  power  is  bctwou  tlie  weight  and  the  fulcrum. 

in  leren  of  the  second  order  (supposing  tho  forces  parullol>,  the 
j. weight  ll  e(|aal  to  Um  sum  of  the  [wwcr  and  the  pru^-^ure  on  the 
^foJernm;  and  in  levurs  of  the  third  ord«r,  the  puwttr  Ih  equal  to 

the  raw  of  the  weight  and  the  prtsssure  on  the  fulcnim;  since 
.the  middle  one  of  three  parallel  forces  in  equilibrium  must  alwaj-a 
I  be  «(|tial  to  the  sum  of  the  other  two. 
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VI.  Anna. — ^The  arma  of  a.  lever  am  the  two  portions  ot  it  intor- 
raediate,  respectively,  between  the  fiilcruni  and  the  power,  and 
between  tlie  fulcmin  and  the  weight.  If  Uie  lever  is  bent,  or  if. 
though  strai^'ht,  it  is  not  at  riglit  an^li-s  io  tlio  linos  of  action  of  th« 
powur  and  weij^t,  it  is  Ditccinaiy  to  diittinj^isli  Iwtwwu  the  amw 
of  tJie  lever  a»  above  dctinix)  (nhie])  ore  ]iiui«  of  the  lc\-«r).  and  ttic 
arm*  of  tht  piivxr  wnd  vxiyht  regarded  ae  forces  which  Iwvc 
moments  round  tlie  fulcrum.  In  thii  latter  Renoe  (which  i.i  alwaya 
to  be  iind«M>itood  unlesa  tlie  contrary  is  evidently  inteniIo<l),  tiie 
aruB  are  tiie  perpcndiculaiH  dropped  from  the  fulciuui  upon  the 
lines  of  action  of  tho  power  ai)d  weight 

58.  Weight  of  Lever. — In  the  above  iitat«ui<.-nt«  of  thf  conditions 
of  v>|uilibriurn,  wc  liavo  neglected  the  weigiit  of  the  lever  lUvM. 
To  take  ttiu*  into  account,  wo  have  only  to  nupj^iose  the  whole 
Weight  of  the  lever  collected  at  itt  centre  of  gravity,  and  then  take 
ila  moment  round  the  fulcrum.  We  shall  thus  have  tliree  moments 
to  take  account  of.  and  the  sum  of  the  two  that  tend  to  turn  the 
bver  one  way,  must  be  equul  to  the  one  tliot  tends  to  turn  !t  thn 
oppoHiti.;  way. 

ft9.  Heobanicai  Advantage.— Evciy  macitine  when  in  action  iterven 
to  tfsnsmit  teork  without  altering  its  amount;  but  the/oroe  wbteh 
the  machine  f^vea  out  (equal  and  opjHwite  to  what  Ik  commonly 
called  thu  wi'jhl)  may  be  muili  gn-at«T  or  much  Icm  than  tiiat  liy 
whidi  it  is  driven  (commonly  called  tlie  jimaiT}.  Wl>en  it  is 
graator,  tlin  machine  \s  saJd  to  confer  v\tdianiml  adinntagti,  and 
the  ntwluinical  advniitjijri'  is  iiii-a.HUriHl  by  lite  ratio  uf  Uio  wi<ight  to 
the  power  for  equilibrium.  In  the  lever,  when  the  power  haa  « 
longer  aim  tlian  the  wcigiit.  Uie  mech&nieal  advantage  is  equal  to 
tliiT  quotient  of  tJiu  lonf;i<r  arm  by  the  slkurtcr. 
60.  Wheel  and  Axlo,— The  wheel  and  axle  (Fig.  S3)  may  be 
regarded  as  on  endlcM  lever.  The  cooditiuD  of  equili- 
brium  IN  at  once  given  by  taking  momenta  rotuul  the 
oommon  axis  of  the  wheel  and  axle  (jj  24).  If  wo 
ncf^lecl  the  thieknrwi  of  the  ropes,  the  condition  b  that 
tike  power  multijilied  by  tlic  nuliuN  of  the  wheel  muni 
equal  tho  wi-ight  multiplied  by  the  radins  of  the  axlo; 
but  it  b  more  exact  ti>  rr^rcl  the  lines  of  action  of  the 
two  forces  as  coinciding  with  the  axea  of  the  two  ropet. 
■o  Utat  each  of  tho  two  radii  should  be  increased  by  half  the  tbick- 
I  of  it*  own  rope.    If  we  neglect  the  thickness  of  the  ropea,  the 
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'  awehanical  advantage  is  the  quotieni  of  tlic  ndius  of  lb«  wheel  l^ 
the  ndins  of  tbo  axis. 

61.  PoUef. — A  puUcy.  when  fixed  in  such  a  way  tlwt  it  can  oiily 
lunt  aUitit  a  fixed  axis  (Fi^.  ii),  confers  no  niodiaiucal  tulvantagft. 
1(  may  l>r  rc^^anlod  as  aa  vndlcuM  lever  of  tlie  first  order  witli  ite 
twii  arraa  equal. 

Tho  arrangcmeDt  rti[>n)H'Rt«d  in  Fig.  25  fpvcs  a  niMlinnica] 
advantaft*  of  2;  for  Um  lower  or  movable  pulley  way  i>c  ru^idud 
an  an  ttlKlkw  lever  of  tlie  scoond  ordtir,  in  whicJi  tlio  nnn  of  ttio 
powar  is  the  diameter  of  the  pulley,  and  the  anii  of  the  weight  is 
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Iialf  thv  dtanitilur.  The  miiiiu  nwult  a  obtaiitvd  hy  einpluyinf;  the 
fritidpia  of  work;  for  if  tlii^  w<:ight  riiKit  1  inch,  S  inches  of  idadc 
are  given  over,  and  thun-forc  tJiu  power  deecendti  2  incliea 

68.  In  Vig.  SO  thvn;  are  six  pulleys,  tltrec  at  the  U[q>er  and  tJiree 
Ml  the  lower  block,  and  ooe  cord  fostm  round  thorn  aU.  All  jwr- 
tiaoa  uf  this  cord  (negtecUug  (rictJon)  arc  ftb^tched  wiUi  tli«  Muue 
forea,  which  ia  equal  to  the  power;  and  six  of  these  portions,  parallel 
tu  nna  anoilxT,  eupport  the  weight.     Thv  power  is  tLerofore  one- 

th  of  the  Weight,  or  the  mecliulcal  advuitagc  U  6. 

63.  In  thr  arnui[^-invnt  rcprcwentt^Kl  in  i\.  27,  thi-ro  an.-  three 
aiovsbk  palleys,  each  hanging  by  n  :ii'[inral<>  oml.  The  card  whicli 
•oppartii  the  lowest  pulley  is  atrutched  with  a  force  equal  to  hnlf 
the  m  I'tgbt,  since  its  two  parallel  portions  jointly  support  the  weight. 
The  oord  whieh  nupports  thv  nest  pulley  is  strotchcd  with  a  fnroo 
half  of  thJA,  or  a  quaru-r  of  the  wti^it;  and  the  next  cord  with  a 
Conw  half  uf  thiN.  or  an  eighth  of  the  weight;  but  this  cord  is 
dinvtly  attached  to  the  power.    Thus  thf  [tower  is  an  eighth  of  the 
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weight,  or  the  mechanical  advantage  ta  8.  If  the  weight  bo 
block'  to  which  it  is  attached  riiM  1  indt,  lh«  next  block  riaea  S 
iaohM,  the  noxl  4,  and  the  powiT  niuvoi)  through  S  inches.  Thus,  the 
work  <)oito  hy  Iho  power  is  equal  to  the  work  done  upon  the  weight. 

In  all  thtH  reasoning  we  negl&ct  the  weights  of  the  blocks  them- 
selves; but  it  is  not  difficult  to  take  them  into  account  when 
necessary-. 

64.  Incliood   Plane. — Wo  now  como  to  th«  inclined  plane.    Let 
A£  (Fig.  Sti)  be  ujr  portion  of  such  a  plane,  and  let  AC  and  BC  be 
drawn  vertically  and  hoiizontally.    I'hen  AB 
■f—- ^^iLr  is  called   the  length,  AC   the  height,  and   CB 

I      /l/***"**--^^   '^^  ^***  •*'  ^^  inclined  plane.    The  force  of 
■      /  1/  ^^  gravity  upon  a  hoavy  body  M  resting  on  the 

"^*  plane,  may  be  represented  by  a  vertical  line 

^■-  MP,  and  may  be  resolved  by  the  parallelogram 

of  forces  (§  16)  into  two  components,  MT,  HN,  tlie  former  parallel 
and  the  latter  perpendicular  to  the  plane.  A  force  equal  and  oppo- 
site to  the  ooroponent  MT  will  suffice  to  prevent  tlie  body  from  slip- 
ping down  the  plants  Hence,  If  the  power  act  parallel  to  the  plane, 
and  the  weight  be  that  of  a  heavy  body  resting  on  tl>o  plane,  the 
|>ower  is  to  the  weight  as  MT  to  MP;  but  the  two  triangles  MTP 
and  ACB  are  similar,  since  the  angles  at  M  and  A  are  equal,  and  th« 
angles  at  T  and  C  are  right  angles;  hence  MT  ia  to  MP  oa  AC  to 
AB,  that  ia,  as  the  height  to  the  length  of  the  plane. 

66.  The  investigation  ia  rather  easier  by  Uie  principle  of  work 
(§  49).  The  work  done  by  the  power  in  drawing  the  heavy 
body  up  Ute  plane,  is  equal  to  the  power  multiplied  by  the 
length  of  the  plane.  But  the  work  done  upon  the  weight  is  equal 
to  the  weight  multiplied  by  the  height  through  which  it  is  raised, 
that  is,  by  the  height  of  the  plane.     Hence  we  have 

Power  X  length  of  plane  =  weight  x  height  of  plane;  or 
power  :  weight :  :  height  of  plane  :  length  of  plane. 

66.  If,  instead  of  acting  patallcl  to  tho  plane,  the  power  acted 
parallel  to  (he  beao«  Uw  work  done  by  the  power  would  bo  tlie 
product  of  the  jiower  by  the  bnxo;  and  this  mu»t  be  equal  to  the 
product  of  Uie  weight  by  the  height;  so  tluit  in  tliis  eaiu-  tlio  con- 
dition of  equilihrium  would  be — 
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Powor  :  weight : :  height  of  plane  :  base  of  plane. 

47.  Iftigt. — In  these  investigations  wo  have  neglected  friction. 
The  wonlgo  inay  be  regarded  as  a  case  of  the  inclined  plane;  but  its 
prmctiul  Mtion  de[)enda  to  such  a  large  extent  upon  friction  and 
impact*  tli»t  we  cannot  profitably  discuss  it  licre. 

68.  Screw. — ^The  scrow  (Fig.  2d)  is  also  a  cuso  of  th«  inclined 
The  length  of  cme  convolution  of  tho  tlireod  is  t)ie  len^^th 

'  tli«  cotreepcMtdii^  inclined  plane,  Uie  ntep  of  the  screw,  or  distance 

twccn  two  Bucocssive  eonvolutions  (measured  parallel  to  the  axis 
of  tb«  screw),  it  tiie  height  of  the  plane,  and  the  circumferonco  of 
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screw  i«  the  Uue  of  Uie  plane.  Thia  is  easily  sliown  by  cutting 
^eul  a  right-angled  triangle  in  paper,  and  bending  it  in  cylindrical 
''fiahion  «o  that  ita  base  forms  a  circle. 

69.  Screw  Presa. — In  the  screw  press  (Fig.  30)  the  screv  Ls  turned 
by  means  of  a  lever,  which  gtvea  a  great  increase  of  medianical 
advantaga.  In  ono  coiiiplet«  revolution,  the  pressures  applied  to  the 
two  handles  of  the  li;wr  to  turn  it,  do  work  equal  to  their  sum 
nnltipUad  by  the  drcumfercnco  of  tlic  cirdt  described  (approxi- 
B>ately)  by  eitlter  handle  (we  suppose  the  two  handles  to  be  equi- 
dtiitant  from  the  axis  of  revolution);  and  the  work  given  out  by  the 
tnaeliinr.  HuppoHin^'  the  reaiatance  at  ita  lower  end  to  be  comtant,  is 
.•qoal  to  this  resistance  multiplied  by  the  distance  between  the 
lUuoadB.  Tbeae  two  products  must  be  equal,  firictioa  being  neglected. 

*  An  imftrt  ((<■'  cuunple  m  bknr  of  a  hunoinr)  B)>y  b*  raipwdMl  u  >  very  (n«t  (knil 
«wfaU«}  fom*  *Miac  l«r  ■  ■•'7  vliort  time.  Tbc  mn^^ikttudi  et  to  Impact  U  mratimi 
bf  tfa  ttoiwIM  whkk  H  giwitrta  i»  Uh  body  iLruck. 
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70,  QeDe»l  DeMription  or  the  Balance. — In  the  common  baUinee 
(Fig.  31)  Ui«re  iH  a  -itill'  piece  of  iDL>tal,  A  B,  uilkil  Uiu  beam,  whidt 

turns  nlxMit  Utc  Mh&ip  «tlgv 
O  of  a  Mtivl  wi-<lgn  tomi' 
ing  part  of  tho  Uvni  aot) 
KcUng  upon  two  hard  «n<l 
Bmootli  mipporta.  Ttivroarr 
two  other  sbeel  wedgw  »t 
A  and  B,  with  llteir  edges 
upwanl^,  and  upon  tbuae 
edges  net  thn  hooks  for 
supporting  th«  eoUo  pans. 
Tho  tJirM  odgot  (eiUlod 
Icnifo-cdgw)  aro  p&rallol  to 
ono  uoUun-  and  pcrpon* 
djcular  to  Uw  Icngtli  of  Uio 
beam,  and  are  very  ttuarly 
in  one  plane. 

71.  QnaUtiea  Reqniaita. — The  qoaliUea  requisite  in  a  balance 
*r«: 

1.  Tliat  it  bo  oonsstcnt  with  itwlf;  tliat  is,  tliat  it  sliall  give  tlw 
iiaiiM)  Rault  in  socoMsivr  wcigliingH  of  tli&santo  body.  This  depend* 
chiefly  on  tlio  tmeuowi  of  Uie  knife-odgo*. 

2.  That  it  bo  just.  'I'hU  rcqiiirct  tliat  the  distances  A  O,  0  B,  be 
o)ub1,  and  aiito  tJiat  the  beam  remain  horizontal  when  tho  p«na  are 
empty.  Any  inequality  in  the  distances  A  0,  O  B,  can  be  detected 
by  patting  equal  (and  tolerably  hea\-y)  wei};htA  into  tho  two  pans. 
This  adds  equal  momenta  if  tlio  distaucos  ore  oqual,  but  ttnoqual 
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MMMte  if  thoj  are  unequ&l,  and  the  greater  moaicot  wiU  pr«poD- 

3.  DftUcsex  or  sonsibiiity  (Uiat  is,  the  pover  of  indicating  in- 
oquali^  htltiwtaa  two  woight«  even  when  their  difference  ia  very 
•nail). 

Thit  nifiuirM  a  mLnimutn  of  friction,  and  a  vary  near  approach  to 
nwitral  equilibrium  (g  40).  In  abttoluU-ly  a«utm]  equilibrium,  tb^ 
analleBt  conceivalite  force  ia  sufficient  to  produce  a  displaocment  to 
tbu  full  Itioit  of  uoutrality;  and  in  barely  stable  eqiulibriuin  a  small 
foroo  pcoduooK  a  large  displacentont  Thi>  condition  of  stability  is 
Utat  if  Ihfl  woiglitH  KupporCwl  at  A  and  B  bo  euppoeed  oollcctcd  at 
iImm  sdgM,  the  centre  of  gravity  of  the  K^'stvm  composed  of  tho 
htutt  and  tht»e  two  weights  aliall  be  below  tlie  middle  t>dge  O.  'Fh*- 
iqailibriuiu  would  be  neatral  if  this  centre  of  gravity  exactly  coin- 
cidad  with  O;  and  it  is  neoeesary  as  a  condition  of  delicacy  that  its 
dirtanon  boluw  O  bo  very  amall. 

4.  Facility  for  weighing  quickly  is  desirable,  but  must  soinetimee 
be  Mcriliuod  wbi>Ji  uxtnttuv  accuracy  is  rcc|tured. 

Tba  dalieate  balanoos  umxI  in  chemical  analysis  arc  provided  with 
•  long  pointer  attacbod  to  Uio  bc«tii.  Tlio  end  of  tbi«  pointer  movM 
akiQg  agradoatcd  areas  tliubeain  vibrates;  and  if  tlm  weights  in  the 
two  pans  are  equal,  the  excursions  of  the  pointer  on  opposite  sides 
of  the  sen>  point  of  tliis  arc  will  abo  be  equal.  Much  time  is  con- 
■mned  in  watching  tbcM  \ibr»tions.  as  ihey  are  very  tdow;  and  the 
man  nnxfy  tlia  e(|uilibriiini  approochi-s  to  neutrality,  the  slowvr  tlioy 
are.  Henoo  quick  wvigtdog  and  exact  weighing  are  to  a  certain  cx- 
umt  Jneompatible. 

78.  Doable  Weiifhiiig. — Even  if  a  baUuice  be  not  jost.  yet  if  it  be 
euoaistaat  witJi  itself,  a  correct  weighing  can  be  made  with  it  in  the 
rfiUowing  nuuinor: — Put  the  body  to  be  weighed  in  one  pan,  and 
oooBtcrbalanci;  it  with  sand  or  other  suitable  materriol  in  tlto  other. 
Tbtfi  rumovo  the  body  and  put  in  its  place  such  weights  as  are  just 
floffldvfit  to  counterpoise  Uie  sand.  Theae  wei^ts  are  e\-idently 
vqual  to  the  weight  of  the  body.  This  process  ia  called  doubU 
la^pMny,  and  ta  often  employed  (even  with  the  best  balanova)  when 
tht  g^valeat  ponible  accuracy  is  desired. 

7S.  IiiTMtie»tlon  of  ScDsibilitjr.— Let  A  and  B  (Kig.  32)  be  the 
pointa  (rora  which  tlio  sodo^pans  arc  saspendcd,  O  the  axis  about 
mUth  the  beam  turns,  and  0  tlie  centre  of  gravity  of  the  beam.  If 
whrn  tha  tcale-pons  are  loaded  will)  pqttal  weights,  we  put  into  <Hie 
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of  th«in  an  oxoew  of  weight  p,  the  btain  will  become  inclined,  and 
will  take  a  pasition  Buch  as  A'B',  turning  through  an  onglo  which 
we  will  call  a,  and  which  ia  easily  calculstod. 

In  fact  let  the  two  forces  P  and  P  +  j»  act  at  A'  and  B'  rapeo* 
lively,  where  P  d<;not««  th«  lees  of  thu  two  wci},'httt,  including  tbe 

weight  of  th«  pan.  llten  the  two 
forces  P  destroy  each  other  in  conse- 
quence of  the  reeistance  of  the  axis 
O;  there  is  left  (»i)y  the  force  p 
applied  at  B',  and  tlio  weight  w  of 
the  beam  itppliod  at  G',  the  now 
poaition  of  the  centre  of  gravity. 
'riic^f!  two  foroty*  arc  parallel,  and  are 
in  rquilibriiini  about  the  axis  O,  that 
is,  their  resultant  patisos  through  the 
point  0.  The  distances  of  the  points 
of  application  of  the  forces  from  a  vertical  through  O  are  thensfora 
inventely  proportional  to  the  forces  thvinselvcs,  which  gives  tbe 
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relation 
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But  if  wo  coll  half  the  length  «f  the  beam  I,  at>d  the  distance  Oti  r 
wo  have 


whence  vr  ain  a  =  p^  cott  «,  and  conHcquently 
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The  formula  (a)  contains  the  entire  theory  of  the  .ii'n.-<ibility  of  the 
balance  when  property  couiitructcd.  We  see.  in  tlie  tir^l  place,  that 
ban  n  increases  with  the  exccn  of  weight  p,  which  was  evident  be- 
forehand. Wo  see  also  that  t)iu  M-nsibility  increases  as  I  ineruottaa 
and  as  r  diniinifihcii.  or,  in  otlior  words,  as  tlie  beam  becomes  longer 
and  lighter.  At  the  ihudc  time  it  is  obviously  desirable  that,  andcr 
ibo  action  of  the  weights  employed,  tln^  Ix-am  should  be  stitT enough 
to  undergo  no  sensible  cliange  of  nltapcL  11ie  prtibli-m  of  tlie  balance 
then  consists  in  constructing  a  beam  of  the  grcatent  poMible  length 
and  lightness,  which  shall  bo  capable  of  supporting  the  action  of 
given  forces  without  bcndini*. 

Foftin,  whose  balances  arc  justly  esteemed,  employed  for  his  boama 
barti  of  steel  placed  edgewise;  he  thus  obtained  great  rigidity,  but 
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[wttainly  not  all  tb«  lightoeas  poatublfi.  At  present  ihe  makfirs  of 
'%aluien  employ  in  pnjferenoe  beams  of  copper  or  stocl  mode  in  the 
farm  of  &  frouK!,  aa  sliowa  in  Fig  33.  Tliey  generally  givo  Uicm  the 
ttmpm  of  a  vory  aloagated  lozcn^.  the  aittea  of  whidi  are  coonceted 
by  t«rt  variomly  amagod.  Tho  det^nninatioa  of  the  beat  ahape  is, 
in  fad,  •  ■poctaJ  prol^eto,  and  lit  an  application  on  a  small  scale  of 
that  principle  of  applied  medianicn  which  tMichus  us  tliat  hollow 
pinOM  have  greater  restating  jwwcr  in  proportion  to  their  weight 
than  aolid  pieces,  and  conaequently,  for  equal  resisting  power,  the 
fonoar  are  lighter  than  the  latter.  Aliunioiuni,  which  with  a  rigidity 
ooariy  eqnal  to  that  of  copper,  has  less  than  one-fouith  of  its  density, 
■Mina  naturally  marked  out  as  adapted  to  thu  ctnutructiou  of  buams. 
It  hu  u  yet,  however,  been  little  used 

The  formula  (a)  shows  wt,  in  the  second  place,  that  the  seDaihility 
iDBTWMB  aa  r  dimtniahea;  that  is,  as  the  centre  of  gravity  approaclies 
the  centre  of  sospension.  These  two  point;*,  however,  inuat  not  coin- 
cide, for  in  that  case  for  any  exce^  of  weight,  however  small,  the 
beam  wonld  deviate  from  the  horizontal  aa  far  as  the  mechanism 
would  pomiil.  anil  would  alfun]  no  indication  of  Rjiproach  to  equality 
in  tbi.'  wciglitM.  With  e<iual  weights  it  would  rvinuin  in  equilibnum 
in  aoj  poiitjon.  In  virtue  of  potoeesing  this  last  property,  auch  a 
tMlnnt'e  is  called  iiidi^ffemtt.  Practirally  the  dutance  betwften  the 
ttaUiu  of  gravity  and  the  point  of  suspension  must  not  be  less  than 
k  MTtain  ainoiiut  depending  on  the  use  for  which  the  balance  is 
dwIgiMtd.  The  proper  distance  is  determined  by  observing  what 
ASmDCe  of  weights  corroaponds  to  a  divuton  of  the  gi-aduatod  are 
along  which  tlie  needle  uwves.  If,  for  example,  there  are  SO  divi- 
MiunN  on  each  side  of  zero,  and  if  2  milligrammea  are  necessary  for 
the  Mai  displacement  of  the  needle,  each  division  will  correaponi)  to 
•a  oxcen  of  weight  of  A  or  -^^  of  a  milligramme.  That  this  may 
be  the  case  we  must  evidently  have  a  suitable  value  of  r,  and  the 
nakvr  ia  enabled  to  regulate  this  \-alue  with  precision  b^  means  of 
tlw  aerew  which  is  shown  in  the  figure  above  the  beam,  and  which 
mablrw  liitu  ali).'htly  to  van,'  Uic  posititm  of  the  centre  of  gravity. 

74.  Weighing  with  Conatant  Load. — In  tJie  above  analysis  we  have 
gppuaed  tlint  the  three  points  of  sospension  of  the  bcaui  and  of  the 

ro  acale-pans  are  in  one  straight  line;  in  which  case  the  value  of 
«  df.«"i  not  Indade  P.  that  is,  the  sensibility  U  in<Iependent  of  the 
WKJglil  in  th«  pons.  This  follows  from  the  fact  that  the  n-sultunt 
ol  the  two  forcea  P  pBs«ci>  ihrouj-h  O.  ttn<I  is  thua  destroyed,  because 
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th«  axis  is  fixed.  This  would  not  bo  tlift  ciwoi  if,  for  example,  thv 
|winta  of  nwpcnnon  of  tivs  pMu  woru  above  tiutt  o!  ttic  U-iuu;  in 
ihtR  ciwo  Uio  |>oi»t  uf  application  of  the  ooinmoi)  load  in  atfove  thv 
point  O,  and,  when  the  beam  ia  inclined,  acts  in  tiie  aanto  direction 
OS  the  excean  of  w«^ight;  whence  the  .tenaibili^  inavaHea  with  tli<- 
load  up  to  a  certain  limit,  beyond  which  the  equilibrium  livcunH'M 
unstable.'  On  th«  other  hand,  when  the  points  of  suspension  of  the 
pans  are  b^tlow  tliot  of  tlio  Wadi,  the  »en:sibility  increases  aa  tlte  lun<l 
ditniniah4»,  and,  ae  the  c«ntre  of  gravity  of  the  b«Am  may  in  this 
eaao  bo  abovo  the  axis,  eqttilihrium  may  l>ecome  nnstoblo  when  the 
load  is  Ins  than  a  certain  amount  This  variation  of  the  aonaibJltty 
with  the  load  is  a  serious  disadvantage:  for.  as  we  have  jaal  shown,  ■ 
(he  di.i[>Ini?(<iueot  of  the  needle  is  used  as  the  means  of  eetimaUng 
weights,  and  for  tliis  purpose  wo  must  have  the  iama  displac-emout 
eorraponding  to  the  tame  excem  of  weight.     If  we  wl^h  to  employ 
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ititlter  of  the  two  alxivo  arran^eiiicntji,  we  should  weigh  with  a  con- 
utant  load.  The  method  of  doing  so,  which  conirtittita  a  kind 
of  double  weighing,  cunaiitta  in  retaining  in  one  of  the  pans  a  weight 
wpial  to  this  coiutant  Ifiad.  In  the  other  pan  is  placed  the  muav 
load  subdiv-idod  into  a  uuuiber  of  marked  weights.     When  the  body 
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UAlAMCeS  OF  FBBClaws. 


to  ba  writhed  Is  pUc«d  in  this  luttiT  piui,  wo  must,  in  order  to  main- . 
tkin  Mjailibriuai,  remove  &  certain  number  of  woij|;hts,  which  evi- 
doDtiy  roprowuil  tho  weight  of  the  lirKly. 

W«  BABj  iUm  niuark  th&t,  strictly  8{>eftJciiig,  tho  itunsibility  alwaj-d 
il0|Mmdi  npoo  tfae  toail.  which  neoessariljr  produo<H  a  vamtion  in  tbo 
Trictiun  of  thn  axis  of  Htuiponston.    Beaidas,  it  follows  from  th«  nsluro 
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lif  bodin  that  there  is  no  syutem  that  dw4  ii<>t  y\<M  somewhat  even 
Uu  Bu»t  feoblo  action.    For  tbwe  reasons,  there  ia  a  dccidMl 
adraotage  in  (>[)vr»tin<;  with  oonstAiit  load. 

n.  DvtalU  of  CODStrndtioD. — A  fundamental  oondition  of  tlio  oor- 
raetneu  of  the  balance  is,  that  the  weight  of  each  pan  and  of  the 
load  which  il  contaiiu  dhould  nlwaya  act  exftctly  at  the  same  point, 
and  ti«!refore  at  the  same  distance  from  tlio  axis  of  suspciwion. 
Thill  iiHporUnt  result  is  attained  by  difl'crcnt  methods.  The  arrange- 
mnit  ra|iReented  in  Fig.  33  ia  one  of  the  moat  I'lTvctual.     At  the 
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extremities  of  the  beam  are  two  knife-edges,  parallel  to  the  axis  uf 
rotation,  and  facing  upwards.  On  these  knife-edges  rests,  by  a 
hard  plane  surface  of  agate  or  stool,  a  stirrup,  the  front  of  whioh 
has  been  taken  away  in  Uio  figure  On  the  lower  part  of  the  Htimtp 
rests  another  knifo-cdge,  at  right  oiiglcM  to  Uic  funtiur,  tlio  two  being 
togetlicr  equivalcut  to  a  universal  Joint  supporting  the  »cale-pan  and 
ittt  contents.  By  thU  on'angeRient,  whatever  may  be  the  poaitton 
of  the  weights,  their  action  is  always  reduced  to  a  vertical  force  act- 
ing on  the  upper  knife-edge. 

Fig.  Si  represents  a  balance  of  grr-at  delicacy,  with  the  glass 
OU0  that  contains  it  At  the  bottom  in  aoen  the  oxtnniity  of  a 
lever,  which  coables  us  to  raise  tiw  l>eam,  and  that  avoid  wearing 
the  knife-cilge  when  not  in  use.  At  the  top  nmy  be  remarked  an 
arrangement  employed  by  some  makers,  consinting  of  a  boriicontal 
graduated  circle,  on  which  a  stnall  metallic  index  can  be  mode  to 
travel;  it^  different  displBcemcntf<,  whose  value  can  be  dcterntined 
once  for  oil,  are  usod  for  the  finiil  odju^tuiL-ut  tu  prwluco  exact 
ecjutlibrium. 

78.  StNlyird.— Th«  steelyard  (Fig,  35)  is  an  Instniment  for 
weighing  bodies  liy  niMina  of  a  single  weight.  I',  which  oan  be  h»ng 

at  any  point  of  • 
graduated  arm  OB. 
As  P  is  moved  further 
fiwa  the  fulcrum  0, 
its  moment  round  0 
inereasos,  and  ttn^re- 
fote  the  weight  which 
must  bo  hung  from 
the  fixed  point  A  to 
counterbalance  it  in- 
creases. MoreoviT, 
equal  movements  of 
P  along  the  arm  pro- 
duce equal  additioos 
weight  at  A  prodaoe 
Hence   the  divisioos 


T 


m 


ncM 


to  its  moment,  and  equal  additions  to  the 

equal   additions  to   the  opposing   momenta 

on  the  arm  (which  indicate  tha  weight  {n  tlie  |ian  at  A)  rouftt 

eqaidiataot. 
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77.  Prinoiplt  of  Isortia. — A  body  not  acted  on  by  Miy  forces,  or 
only  %etcd  od  by  toms  which  are  in  eqiiilibrium,  will  iioi  commence 
to  moTo;  and  if  it  be  already  in  motion  with  s  movenipnt  of  pare 
tmoalstioii.  it  will  cotiticuo  itii  velocity  of  translation  unchanged,  «o 
that  each  of  ita  poinU  will  move  in  a  stnii;;ht  lino  with  unifonn 
veJudty.  Tliis  b  Newton's  &tsI  law  of  motion,  and  b  stated  by  him 
in  tb«  following  terms: — 

**  Every  body  continues  in  ita  state  of  rest  or  of  unifonn  motion 
ia  m  rttmigbt  Unc,  except  in  bo  far  as  it  is  coRipeiled  by  imprMMxl 
forcm  Ui  change  tliat  state." 

Tho  tendnncy  to  oontiDUO  in  m  Btato  of  rest  ia  manifest  to  the  UMSt 
nipcrfidal  ofasorvstion.  Tho  tendency  to  coDtiniie  in  a  state  of 
imifonu  moUoa  can  be  dearly  understood  from  on  uttuotivo  etudy  of 
beta.  If,  for  example,  we  make  a  i)en<lulum  oaeilhttc.  the  amplitude 
of  th*  osdllationa  slowly  dccreueu  and  at  last  vaniiibes  altogether. 
Thi*  Is  because  the  pendulum  experiences  resistance  from  tlie  air 
which  it  continually  displaces;  and  because  tlie  axis  of  suspension 
ntbs  on  it*  rapports.  These  two  circumstances  combine  to  produce 
a  dimination  in  Uie  velocity  of  the  apparutiu  until  it  is  completely 
umihilati?d.  If  tht^  friction  at  the  point  of  suspension  is  dimiuitibed 
by  mttable  means,  and  the  apparatus  is  made  to  oscillate  in  vacuo, 
(b*  dntuUon  of  tbe  motion  wilt  he  immensely  increiased. 

Analogy  evidently  indicates  that  if  it  irere  poesiblo  to  suppraas 
mttrely  tbese  two  causes  of  the  divstructJon  of  tJie  pendulum's  velo- 
city, ita  motion  would  continue  for  an  indcliiitte  time  unchanged. 

Thin  tcndenoy  to  continue  m  motion  ia  the  cause  of  tbe  ctfods 
<rbk^  arc  producod  when  a  carriage  or  railway  train  is  Huddcnly 
ttopjMd.    The  rimrngiTm  are  thrOTi'n  in  the  direction  of  the  motion. 


«s 


KIHST  nilSClPLES  OF  KINETICS. 


in  nrtue  of  tlio  velocity  whicli  tli«j  posaeHsed  »t  the  moment  when 
ih«  stoppage  occurred.  Jf  it  were  possible  to  find  a  hnke  sufficiently 
powerful  to  atop  a  ti-ain  suddenly  at  full  speed,  the  effects  of  such  a 
stoppage  would  be  similar  to  tlie  cfTecte  of  a  coUisicHL 

Inertia  is  also  tko  causo  of  tliv  hovltc  falls  wliicli  arc  oft«n  received 
in  alighting  incautiously  froiik  a  carriitgc  La  motion;  all  tbo  partioloB 
of  tlie  body  tiavo  a  fur^vard  ututioii,  and  the  feet  alone  being  redooe^ 
to  rest,  the  upper  portion  of  Llie  body  continues  to  move,  and  ia  thus 
thrown  forn-artL 

When  we  tsx  the  bead  of  a  hammer  ou  the  handle  by  striking  the 
ond  of  tlio  handle  on  the  gixiund,  wo  utilize  the  inertia  of  matter. 
The  luuidlo  is  suddenly  sto])pc<I  by  the  collision,  luid  the  head  oon- 
linaos  to  move  for  a  short  <li.slniice  in  spite  of  tJte  poworfuL 
ances  which  oppow  it. 

78.  Seeoni  Law  of  Hotion. — Newton's  aectmd  law  of  motion 
that  "  Change  ui  motion  is  proportional  to  the  impressed  force 
is  in  the  direction  uf  that  force." 

Change  of  motion  in  Iiurc  spoken  uf  as  a  quantity,  and  as  a  ditftctad 
quantity.  In  ordvr  to  uudenitaiid  how  to  ralimatv  clionge  of  motion, 
we  most  in  tlie  fiisi  place  iuiil«rstand  how  to  oomi>ouad  motiona. 

When  a  l>oat  is  sailing  on  a  river,  tlie  motion  of  tlio  boot  relative 
to  the  shore  is  compounded  of  its  motion  relative  to  the  water  and 
the  moftbn  of  the  water  relative  to  the  shore.  If  a  person  is  walk- 
ing along  the  deck  of  the  boat  in  any  dirt-ction,  his  inution  rclutivo 
to  the  shore  is  compounded  of  throe  mutious,  namely  the  two  ubuve 
manttonad  and  his  motion  relative  to  the  boat. 

Let  X,  Y  and  Z  be  any  three  bodies  or  systems.  I'he  motion  of 
X  relative  to  T,  coni|>ounded  with  the  motion  of  Y  relative  to  Z,  is 
the  motion  of  X  rvlativu  to  Z.     This  is  to  be  taken  as  the  de&nitioit 

of  what  ia  meant 
by  compounding 
two  motions ;  and  it 
leads  Tory  directly 

two  rcctiliitcor  motions  are  compounded  by  the  parallelognuu  law. 
For  if  a  body  nwvea  along  the  dedc  of  a  ship  from  O  to  A  (Fig.  30X 
and  the  ship  in  the  meantime  advances  tJirough  the  distance  OB,  it 
is  obvious  that,  if  we  complete  tliu  ]>ar&lU>logram  OBCA,  the  point 
A  of  the  ship  will  be  brought  to  C,  and  the  movemeot  of  tbo  body 
in  space  will  be  from  0  to  C.    If  the  motion  along  OA  is  unilurm 
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ftod  tiiH  motion  of  thu  sltip  is  also  unifonn,  the  motion  of  the 
body  tbruu(>h  ap*cc  will  bu  a  uiiifono  motion  along  the  tUagoniil 
OC  Hooeo.  if  iwo  comjxnwnt  velooUiea  be  reyrewnUd  htf  tvxt  line* 
dmten  from  a  povnt,  aiuj  a  ■parulltlo<jram  be  conntrwitd  on  tkcae 
lituia,  it9  diagonal  will  rtpreeent  M«  reauUanl  vdoeit^. 

It  is  obvious  that  if  OA  in  the  figure  rapre^iited  Ui«  velocity  of 
th«  aliip  uiii  OB  Ute  velocity  of  the  body  relative  to  the  ship,  we 
nhonlil  ohtotti  th«  samo  resultiuit  velocity  OC.  Thi^  is  a  general 
law;  Ui«  intoreluuigiag  of  vslodtitis  which  arc  to  bo  compounded 
does  not  afTect  th^  resultant. 

Now  aappoee  the  velocity  OB  to  he  clianged  into  the  velocity  OC, 
<rhal  are  wo  to  rtganl  as  the  change  of  velocity!  The  change  of 
vitlocity  ia  that  velocity  which  conipounded  with  OB  would  give  OC 
It  is  tJieniforo  OA.  Tito  same  forcu  which,  in  a  givon  Uiiie,  acting 
alwayi  parallel  to  itself,  cliaiig«»  the  velocity  of  a  body  from  OB  to 
OC.  would  give  the  body  tlie  velocity  OA  if  applied  to  it  for  the  same 
time  commencing  from  rest.  Change  of  motion,  catimated  in  this 
tray,  tlepMulfl  only  on  the  acting  force  and  the  body  acted  on  by  the 
force;  It  is  entirely  indcpL-ndcnt  of  any  previous  motion  whidi  the 
bixly  may  poaHOM.  No  exiwrimontM  on  forcra  and  aiotioiut  itiside  a 
carriage  ur  afaaamboat  which  in  travelling  with  porfrat  smoothness  in 
a  atraigbt  course,  will  enable  us  to  detect  tluit  it  Is  travelling  at  all. 
Wu  cannot  even  assert  that  there  is  any  ituch  Uiing  as  absolute  rest, 
or  Uiai  there  U  any  ditlereaoe  between  absolute  reel  and  uniform 
ttimigbt  movement  of  translation. 

As  ebaoge  of  motion  is  independent  of  the  initial  condition  of  rest 
or  notion,  ao  also  in  the  cluinge  of  motion  produced  by  one  force  act- 
ing 00  a  body  independont  of  the  change  produced  by  any  otht-r 
tana  aciing  on  tho  body,  provided  that  each  force  remains  constant 
in  inagnJtade  and  direction.  The  actual  motion  will  be  that  which 
h  eaiDpounded  of  the  initial  motion  and  the  motions  due  to  tlic  two 
toreCB  conddored  separately.  If  AB  represent  one  of  these  motions, 
BC  atwthar.  and  CD  tlw  third,  tho  actual  or  resultant  motion  will  bo 
AD. 

Tbe  ehangw  produced  in  the  motion  of  a  body  1^'  two  forces  act- 
ing jobtiy  can  then-fore  be  found  by  compoonding  the  changes 
wkidi  would  be  pnyluccd  by  eadi  force  separately.  This  leads  at 
ouce  to  the  "  parallelogram  of  foroes,"  since  the  changee  of  motion 
praduoad  in  one  and  the  same  body  are  proportional  to  the  forces 
wbid)  produce  them,  and  are  in  the  direetioiis  of  thcee  forces. 
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In  c«M  any  Mttidciit  Hhould  be  troabUd  by  doubt  m  to  wboth«r 
the  "cliiingeH  ol  motion"  whidi  are  proportional  to  tlio  forces,  ore  to 
be  UDderatood  aa  distaiicea,  or  aa  velodtieti,  we  may  remark  that  the 
law  is  equally  true  for  both,  and  its  truth  for  one  iuplies  its  crtitli 
for  Uie  othor,  as  will  appew  hereftfter  from  coinpariiig  the  fonouta 
for  the  distance  «  =  i/<*,  with  the  formula  for  the  velocity  v  —  fi, 
since  boUi  of  th(»c  expriv^sioiu;  arc  pro]>ortional  to/ 

79.  ExplanatioD  of  Second  Law  co&tinaed. — It  is  convenient  to 
diiiliDguiKh  between  the  inientity  of  a  force  and  the  magnituiU  or 
amovml  of  a  force.  The  intensity  of  a  force  is  RK-anured  by  the 
ehonge  of  velocity  which  the  force  produces  during  the  unit  of  time; 
and  can  be  computed  from  knowing  the  motion  of  the  body  act«d 
on,  without  knowing  anything  a«  to  its  maas.  Two  bodira  are  said, 
to  bo  of  equal  mam  when  tltc  itaiiie  chang<o  of  motion  (whether 
regards  velocity  or  distance)  wjitch  i*  produced  by  applying  a  givon 
force  to  one  of  them  for  a  given  time,  wmiM  also  be  produOKl  by 
applying  thia  force  to  the  other  for  an  equal  time.  If  we  join  two 
eadi  bodies,  we  obtain  a  body  of  double  the  mass  of  either;  and  if  we 
apply  tJie  some  force  as  before  for  the  same  time  to  this  double  ma 
we  ijiall  obtain  only  half  the  change  of  velocity  or  distanco  that  WA^ 
obtained  before.  Ha«Ms  can  therefore  bo  oontparod  by  taking  the  in* 
verw  ratio  of  the  dianges  produced  in  their  velocities  by  equal  fo 

I1ie  velocity  of  a  body  multiplied  by  its  masa  is  called  tlie  nw>m#n^ 
turn  of  the  body,  and  is  to  be  regarded  as  a  directed  magnitude  hav- 
ing the  same  direction  as  the  velocity.    The  change  of  velocity,  wlieii 
multiplied  by  tho  moss  of  the  body,givc«  the  change  of  momentum; 
and  Uie  Bi'cond  law  of  motion  may  be  tliux  slatc<l: — 

The  cJiangt  of  monunttum  produced  in  a  ffiven  6'nu  m  jrropor* 
tional  to  the  f&it*  uAuA  pradtuea  i(,  and  is  in  th*  direetivn  of  tfti* 
force.  It  is  independent  of  the  mass;  the  change  of  velocity  in  a 
given  time  being  inversely  as  the  mass. 

80.  Proper  Selection  of  Unit  of  Fores. — If  we  make  a  proper  selec- 
tion of  unitfi,  th«  change  of  momentum  produced  tn  Knit  time  will 
be  not  only  proporUonal  but  numerically  tgiial  to  tbo  foroo  which 
producer  it;  and  tli«  change  of  momentum  produced  in  any  tiiiii<  will 
be  the  product  of  the  force  by  tlie  time  SupfMxe  any  uniu  <if 
Itngth,  time,  and  ttioM  respectively  to  have  been  selected.  Then 
unit  velocity  will  itaturally  be  defined  as  the  velocity  with  which'' 
unit  lengtli  would  be  paised  over  in  unit  time;  the  unit  momentum 
will  be  the  momentum  of  the  unit  maas  moving  with  thU  velocity: 
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umI  Um  uoit  fono  will  he  tliat  forco  which  produced  tliU  iiiouifntuni 
in  uoit  lime.  W«  ddiui;  ilto  unit  furcu,  Uien,  aa  tkut  futtx  wltiJi 
acting  /ur  itnit  time  M/Mrti  unit  m<i>i»  jyroducfs  tmit  vtiwity. 

81.  Belation  between  Uus  ud  W«iglit. — Thu  tcwt^t  of  a  body, 
■Itictty  •iiwakiug,  is  tho  furco  with  whicli  tli«  i>udy  Uiids  towai^ 
the  earth.  This  force  dopunds  partly  on  the  body  and  partly  on  the 
imiiit.  It  is  not  exactly  the  miiii«  fur  one  and  the  name  body  at  all 
pwto  at  th«  oaith')!  Hiirfnce,  but  In  dtrcidiMlly  grrater  in  t  h^  polar  than 
in  the  e<|uaU}rial  regions.  Bodies  which,  whon  wiM^hed  in  a  balance 
an  vaeuo,  counterbalanoe  each  other,  or  eountflrbalaiicw  oiiu  and  th« 
aane  third  body,  have  equal  weights  at  that  phtce,  and  will  also  l>« 
found  to  have  equal  weights  at  any  other  place.  Experiments  whieh 
Wtt  ahail  bercmftvr  doicribc  (§  6&)  show  tliat  such  bodies  have  c>)ual 
maaws;  and  this  fact  having  been  cstablislivd,  the  most  convenient 
node  of  comparing  masses  is  by  weighing  Uictn.  A  pound  of  iron  has 
Um  aatne  man  aa  a  pound  of  brasa  or  of  any  otlii^r  ftiibntaiice.  A 
poowl  of  any  kind  of  matter  tends  to  the  earth  with  ditleretil  I'oretv 
at  ditTereUt  plaeon.  Tho  weight  of  a  pound  of  matter  is  therefore 
noi  a  dcAnit«  atandord  of  force.  But  Uie  pound  of  matter  it^olf  la  a 
pvrfeetly  definibo  sUudanl  of  mai«.  If  we  wt^^li  one  and  the  same 
portion  of  mait4!r  in  diHcrent  statca;  for  instance  water  in  the  Htnteti 
at  ion,  onow,  Utiuid  water,  or  steam;  or  compare  the  weight  of  a 
dienUcal  compound  with  tlie  weights  of  its  components;  we  find  an 
•xact  ■•quality;  henco  it  Ima  been  stated  that  the  mass  of  a  body  is  a 
OMASUm  of  the  quantity  of  matter  which  it  contains;  but  though 
this  statement  exprasMs  a  aimple  fact  when  applied  tc  the  compari- 
aoo  of  different  quantities  of  one  and  the  same  sulstanee,  it  expresses 
no  known  Cactof  nature  when  applied  to  the  comparison  of  diflVn-nt 
•abstanoee.  A  pound  of  iron  and  a  pound  of  lead  tend  to  (tie  earth 
with  equal  forces;  and  if  equal  forces  are  applied  to  them  both  tJieir 
vnlodtiea  are  equally  alTeeted.  We  may  if  we  please  a^ntw  to  me«- 
•on  'qoaotity  of  matter"  by  Uieae  t^stA;  but  wc  niuM  beware  of 
■MUming  that  two  things  which  are  essentially  diflerunt  in  kind  can 
be  i<<|Ual  in  theuiselvos. 

es.  Tbird  Law  of  Motion.  Action  and  Besctioa. — Forces  always 
occur  in  jioini.  every  exertion  of  force  being  a  mutual  ocUon  between 
two  boaiim.  Whenever  a  Itody  ia  acted  on  by  n  foree,  the  )x>dy 
from  which  thin  force  pix>cc«(i9  is  acted  on  by  an  equal  and  opposite 
forea.  Tbs  eartli  attracts  the  moon,  and  the  moon  attracts  the 
earth.    A  magnet  attracts  iron  and  is  atti-acteil  by  iron.    When  two 
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boMa  are  floating  freely,  a  ropu  attndicd  to  onv  and  hauled  in  by 
a  person  in  the  other,  tiiakcH  oacli  Ituul  move  toward*  the  other. 
Every  exertion  of  force  gcnomUm  t<[iiat  and  opposite  momenta  in 
the  two  bodies  affected  by  it,  since  these  two  bodies  are  aet«d  on  b\- 
oqual  forces  for  equal  timea. 

If  the  forces  exerted  by  one  body  upon  the  other  are  equivalcnl 
to  a  single  force,  the  forces  of  reaction  will  also  be  cqui^-alciit  (<■  a 
single  force,  and  Oiose  two  equal  and  opposite  resultant*!  will  have 
the  same  liuo  of  action.  We  bave  seen  in  §  29  that  tho  g«!ii(-nil 
reaultont  of  any  set  of  forces  applied  to  a  body  is  a  wr»icA;  that  is 
to  »ay  it  consists  of  a  force  with  a  delinite  line  of  action  (called  the 
axis),  accompanied  by  a  couple  in  a  perpendieolar  plane.  Thi>  reao- 1 
tion  upon  the  body  which  excrta  these  forces  will  always  bo  an  c<iiial' 
and  opposite  wrench;  the  two  wrenches  having  tho  same  axui,  equal 
and  opposit«  foreos  along  this  axis,  and  equal  and  opposite  couple 
bk  the  perpendicular  plani>. 

83.  Motion  of  Centre  of  Gravity  Unaffected. — A  consequence  of  tho 
equality  of  the  mutual  forces  between  two  bodies  is.  that  tho 
forces  produce  no  movement  of  the  common  centre  of  gravity  of  tb«~ 
two  bodicA.  For  if  A  bo  tho  ccnti-e  of  (travity  of  a  nuiM  m^,  and  B 
Cbo  centre  of  gravity  of  a  maas  mt,  Uioir  cuiumoii  eent««  of  grmnly 
C  will  divide  AB  inver»cly  as  the  ouwMctt.  Let  Oio  ma'«w»  b* 
originally  at  rost,  and  let  thetn  bo  acted  on  only  by  their  mutual' 
attraction  or  replusion.  The  dialancee  through  which  they  arc 
moved  by  tliese  equal  fopeea  will  be  tnvpr^ly  as  the  massoa,  that  is, 
will  bo  dirrcl^y  as  AC  and  BC ;  hence  if  A'  H'  arc  tliclr  new  potiitiona 
aftiir  any  time,  wc  have 

AO      AA-      AC*AA'  __  A^O 

I  A'B'  ta  therefore  divided  at  C  in  the  same  ratio  in  which 
tlta  line  AB  wa.1  dividMl;  hfnc«  C  \n  still  tl)D  centre  of  gravity. 

84.  Velocity  of  Centre  of  Oravi^. — If  any  number  of  mascMW  ar«' 
moving  with  any  velocities,  and  in  any  directione,  but  so  Uiat  eai-h 
of  them  moves  unifornily  in  a  Htnti>;ht  line,  their  common  ccntn* 
of  gravity  will  move  imifunnly  in  a  Htrni^ht  line. 

To  prove  tJiis,  we  nhall  consider  tlicir  component  veloeiticA  in  any 
OQO  direction, 

let  theM  eomponeat  velnciUea  be        u,        u,        u,        fta, 
lite  maates  being  nit        mi       mj        &«■■ 

and  the  distances  of  the  bodies  (strictly  speaking  the  distances  of 
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tluir  napectJvo  cftctRs  of  gntvity)  from  a  fixed  plane  to  which  tJie 
givon  diiwcUoQ  w  normal,  be        aii        te,        iti        Sic 

The  fonnuU  for  th«  distance  of  Qttir  common  centre  of  gravity 
bom  UiiapUae  is 

In  the  time  <,  e,  is  lacreaeed  by  the  amount  u,f,  2,  by  v,(,  and  ao  on . 
faoM*  the  oum^ntor  of  thv  above  expression  b  incrv-asL-d  by 

aoJ  the  value  of  i:  is  increased  in  each  unit  of  time  by 

»!  >H-t-w,«ti  »  to.  ,*, 

«,+a,4JE«.      ■  '  ' 

which  is  therefore  the  component  velocity  of  the  wntro  of  gravity 
in  the  given  direction.  As  tiih  expression  oontainit  only  gi\'eii 
oonstaot  quantities,  its  value  is  constant;  and  as  tlili  r«as(»ung 
•{)I>li<H  to  all  directiotui.  the  velocity  of  the  centre  of  gravity  mast 
itself  be  eonrtant  both  in  magnitude  and  direction. 

We  may  remark  tliat  tlto  above  formula  (S)  correctly  exprvssfK 
the  component  velocity  of  tlio  centre  of  gravity  at  the  instant  con- 
ttdered,  even  when  u,,  u,,  iac,  are  not  eonstant. 

65.  Centre  of  Mass. — The  point  which  we  have  thus  far  been 
lyeakine  of  under  the  name  of  "centre  of  gravity."  is  more  appro- 
prittaly  called  the  "centre  of  mass."  a  name  which  is  at  onon 
>iigg«t*Nl  by  formula  (1)  §  84.  ^Mion  gravity  acts  in  parallel  lines 
a]wA  all  the  paiticiea  of  a  body,  the  resultant  force  of  gTi^vity  apon 
tbe  body  ia  a  single  force  passing  through  this  point;  but  thi»  is  no 
longer  the  case  when  the  forcee  of  graviQr  upon  the  ditlV'n'nt  parta 
of  tito  tiody  (ur  system  <^  bodiw)  are  not  paialleL 

86.  Ualta  of  KtMOXtmcnt. — It  is  a  matter  of  importance,  in 
•dentiflc  calculations,  to  exprcse  the  various  magnitudes  with  which 
we  have  to  deal  in  ierus  of  uoita  which  have  a  simple  relntiun  to 
«acb  other.  The  Uriltah  weights  and  meaAUres  are  co>iii>I<-t';ly  at 
fault  in  thia  respect,  ftn*  the  following  reasonst — 

L  They  ore  not  a  decimal  system;  and  the  reduction  of  a 
mnamtfimrnt  (say)  from  Utclics  and  di-cimalt  of  an  inch  to  feet  and 
dednaala  of  a  foot,  cannot  be  ctTccted  by  ini^oction. 

t.  It  is  still  more  trooblciotno  to  reduce  gallons  tocubio  feet  orinches. 

3.  The  weight  (properly  the  mass)  of  a  cubic  foot  of  a  subetanoe 
in  Iba.,  cannot  be  written  down  by  inspectitot,  when  the  specifio 
parity  of  the  mbstance  (aa  compared  with  water)  is  given. 
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87.  Tbe  C.a.6.  8fSteia.~A  committee  of  the  British  Association. 
qteciaJly  Appointed  to  rccommt-nd  a  system  of  units  for  gvnenl 
luloption  in  »cicntilic  calculiitioii.  haw  reoommeodod  that  tlie 
centiTnetre  ha  adopted  as  Uie  unit  of  length,  ihu  gramme  m  ilie  unit 
of  iDasa,  and  the  second  aa  the  unit  of  time.  We  rihall  Smt  give  the 
rough  and  afte^^'a^ds  tbe  more  exact  definitions  of  these  ()u&nUU<s. 

The  centimetre  is  approxinuttely  ^  of  tlie  distance  of  either 

pole  of  tbe  earth  from  the  equator;  that  is  to  eajr  1  followed  by  9 
xoros  expresses  this  distance  in  centimetres. 

lliu  gramme  is  appi-oximat«Iy  tliu  mass  of  a  cubic  ct-ntirnvtre 
of  cold  water.  Hence  the  same  number  wltidi  expresniv  ttie  siM>d- 
Sc  gravity  of  a  substance  referred  to  water,  cxpi'eeses  also  the  mass 
of  a  cubic  centimetre  of  the  subetaace,  in  grammea. 

The  second  iii  a; ;,  ^  ,  gj,  of  a  ummui  scrfar  day. 

Uore  uc«unitely,  the  centimetre  is  defined  as  one  hundnnlth  port 
of  the  len^'th,  at  tlie  tviii{H.'rature  0"  Centigrade,  of  a  certAiu  ntaiid- 
ard  bar,  preserved  in  I^ris,  carefully  executed  oc^ies  of  which 
are  preserved  in  several  other  places;  and  the  pramme  'a  defined  aa 
one  thousandth  part  of  the  moss  of  a  certain  standard  which  b 
preserved  at  Paris,  and  of  which  also  tlicro  are  numoroua  copies 
prcMn'ed  ebewhcre. 

For  brevity  of  reference,  the  committee  have  recommended  tliat 
the  system  of  units  based  on  the  Centimetre.  Gramme,  and  ±^ccond. 
be  called  tlie  C.G.S.  system. 

The  unit  of  area  in  this  system  is  the  square  ceuUmvtrab 

The  unit  of  volume  is  tlte  cubic  centimetre. 

The  unit  Iff  velocity  Lt  a  velocity  of  a  centimetre  per  Meood. 

The  unit  of  momentum  u  the  momentum  of  a  gninme  moving 
with  «  velocity  of  a  centimetre  per  second. 

The  unit  force  ia  tliat  force  which  getuTntes  this  momrntum  in 
one  second.  It  is  therefore  that  fomi  which,  acting  on  a  gnminiA 
for  one  seoood,  gcnerateti  a  velocity  of  a  cenlimetni  per  avoond. 
Tliis  force  is  calUid  the  dyne,  an  abbreviated  derivative  from  the 
Oreek  {»>>/<«  (force). 

The  unit  of  work  is  the  work  done  by  a  force  of  a  dyne  working 
thmu<;li  a  diMtoncc  of  a  centitnelre.  It  might  ho  callud  the  djiM- 
centimotm.  but  a  shorter  nninc  ban  been  provided  and  it  is  called 
tha  erg.  from  the  Gn-^-k  tVyar  (work). 
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S8.  Effect  of  the  Besistanco  of  Ibe  Air. — In  air,  bodies  fall  wiUi 
unequal  retodtiea;  a  sovcrcigu  or  a  boll  of  lead  falls  rapidly,  a  piece 
of  down  or  thin  paper  tilowly.  It  was  funin'rty  tliuught  ttiat  this 
dUSataeo  wu  inheront  in  Uie  nature  of  Ihv  maturialKi  but  it  is 
9»KJ  to  ahow  tliAt  this  is  not  the  case,  for  if  we  couiprctM  a  jiuimi 
of  down  or  a  piece  of  paper  hy  rolling  it  into  a  ball,  and  compare  it 
with  a  piece  of  gold-leaf,  we  shall  find  thitt  the  latter  body  falls 
Bkura  slowly  than  the  fonncr.  Th«  inequality  of  the  velocities 
which  we  observe  ia  due  to  the  resistance  uf  the  air,  which  increases 
with  the  extent  of  surface  exposed  by  the  body. 

It  wan  Galileo  who  Hntt  discovered  the  cause  of  tliv  unc-qual 
(spidity  of  fall  of  dilferent  bodies.  To  put  the  matter  to  tlie  t«8t, 
bo  prepared  sntall  balls  of  diSerent  subetoacos,  and  let  them  fall  at 
the  name  time  from  the  top  of  the  tower  of  Ilsa;  they  struck  tho 
ground  altn'tst  at  the  same  instant,  On  changing  their  forms,  bo  as 
to  give  them  very  ditforunt  cxt4;nt8  of  surfucv,  ho  oljsi.>r%'cd  that  they 
tall  with  vary  unequjil  velodtics.  He  wo:*  thu8  led  to  the  conclusion 
that  levity  act«  on  all  suti^tanoes  with  the  sonie  inti.<n»ity,  and  that 
m  a  vacuum  all  bodieii  would  fall  with  the  same  velocity. 

tliis  lant  propooition  could  cut  be  put  to  the  test  of  experiment 
iu  tlifl  time  of  Galilee,  the  air-pump  not  having  yet  been  invented. 
Tho  oxpcTTineat  was  performed  by  Newton,  and  is  now  well  known 
■>  the  "(ptinea  and  fcalJicr  "  experiment  For  thiit  purpose  a  tube 
Enun  a  yard  and  a  half  to  two  yards  long  is  uned,  which  can  be 
•xhaufltJid  of  air,  and  which  contains  bodies  of  various  densities,  such 
M  a  oofn,  piaoes  of  pa{>er,  and  feathers.  When  the  tube  is  full  of 
sir  and  ia  inverted,  these  ditferent  bodies  are  seen  to  fall  witli  very 
OMqital  velocities;  but  if  the  experiment  is  repeated  after  the  tube 
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has  been  exhaiuted  of  air,  no  diflerenco  can  be  perceived  betvMn 
the  tttuiu)  uf  tbuir  dwcont 

69.  Mm8  ftnd  Oraviution  Proportional. — This  experiment  j>rove« 
that  bodicA  whicl)  havi-  «()um.I  weights  are  equal  in  maaa.  For  equal 
mawes  are  defined  to  he  thos<>  which,  when  acted  on  by  equal  forced, 
receive  equal  acoeleraUons;  and  the  forces,  in  this  experiment,  are 
the  weights  of  the  falling  bodies. 

Newton  t«at«d  this  point  still  more  severely  by  experimuuts  witli 
pendalams  (iVinofpia.  book  III.  prop.  v).)>  Ho  procured  two 
round  wooI-^d  boxes  of  the  saine  niza  and  weij^lit,  aixl  iiMitcndvd 
them  by  thrradj*  eleven  feet  long.  One  of  them  he  filled  with  wood. 
and  be  placed  very  accurately  in  the  centre  of  cscillation  of  the 
other  the  same  weight  of  gold.  The  boxes  hang  side  by  side,  and, 
when  K<et  swinpn^  in  equa.1  oecillations,  went  and  returned  together 
for  a  v«ry  long  tim«.  Here  the  forces  coucomcd  in  producing  and 
eliiyrking  the  motion,  riaiiiely,  the  force  of  gT«\-ity  anil  Ute  n--tii4tance 
of  the  air,  were  the  hatne  for  tin:  two  pendulumn.  and  aa  tlio  tnove- 
menta  produced  were  the  same,  it  fotlowa  that  tlie  massed  were 
equal  Newton  remarks  that  a  diH'erence  of  mas  amounting  to  a 
thousandth  part  of  the  whole  oould  not  have  escaped  detection.  He 
experimented  in  the  same  way  with  silver,  luul,  glaas,  sand,  wlt« 
water,  and  wheat,  and  with  tin.'  Mime  rwutt.  He  therefore  mftra 
that  univt-n-ially  bodies  of  equal  maiw  gravitnto  equally  towards  the 
eartli  at  the  )«ame  [daee.  He  further  extend.^  the  same  law  to  gravi- 
tation generally,  and  etttsblishes  tJie  ooDclusicm  (hat  the  mutual 
gtavitstjng  force  between  any  two  bodies  depends  only  on  their 
nuuMa  and  distances,  and'u  independent  of  their  matrrials. 

Tlie  time  of  revolution  At  tliu  moon  round  the  earth,  considrn'd  in 
cotyunction  witli  herdistaiioc  from  the  earth,  sltowi*  tJiat  tlie  relation 
between  maiu  and  graviUition  is  the  same  for  the  material  of  which 
the  moon  ia  eouiposcd  aa  for  terrestrial  matter;  and  the  name  eon- 
eliiflioD  ia  proved  for  the  planets  hy  th«  relation  which  exists  lietween 
their  distaooes  from  the  sun  and  their  timw  of  revolution  in  their 
orbito. 

90.  UDirorm  Aoceteration. — The  fall  of  a  heavy  body  fumiahm  on 
illuNtnUiot)  of  th>^  M^nDnd  law  of  mntinn,  which  aasertA  that  the 
ehange  of  momentum  in  a  body  in  a  giveji  time  b  a  messure  of  the 
force  which  acts  on  the  body.  It  follows  from  thia  law  that  if  the 
same  force  continues  to  act  upon  a  body  the  changes  of  montontum 
in  sQcoeasive  equal  intervals  of  time  will  be  equal.     When  a  heavy 
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bod;  ori^:ittsUy  at  tvat  ia  allowed  to  fall.  it.  is  actod  on  during  the 

Lirne  of  its  descent  by  its  own  weight  and  by  no  otbt^  forai,  if  wt* 

nccU<ct  th«  rwistanoB  of  tli«  air.    As  its  own  weight  a  a  constant 

focgs,  the  body  reocivw  equal  changes  of  iii(itii«ntutn.  »n<l  tliereforo 

nf  valodty,  in  equal  intervals  of  time.     Lec  g  denote  its  velocity 

in  eantimotrM  por  second,  at  the  end  of  the  first  second.    Then  at 

the  end  of  the  next  second  its  velocity  will  he  y  +  g.  that  is  Sif;;  at 

the  end  of  the  next  it  will  be  2g+g,  iliat  i»  3g.  and  so  on,  the  gaiit 

of  velocity  in  each  second  being  equal  to  the  velocity  generated  in 

the  fint  aeoond.     At  the  end  of  t  seconds  the  velocity  will  therefore 

bo  tg.    Such  moticoi  as  this  is  said  to  be  vmifomUy  aeederaied.  and 

ibe  comtant  quantity  g  is  the  iuoa»uro  of  the  accclurntiuD.    Acodera- 

tjoo  is  definiN]  an  th<-  (.rain  of  velocity  pvr  unit  of  time. 

91.  Weight  of  a  OnmiDe  in  Djraes.    Valtte  of  g. — Let  m  denote 

the  mass  of   tlie  falling   body  in   granuues.     Then    the  change  of 

aomeotmn  in  each  second  is  mg,  which  is  therefim!  the  measure  of 

the  ibnje  acting  on  the  body.    The  weight  of  a  body  of  m  grammee 

i«  tbanfont  mg  dynee,  and  the  weight  of  1  gramme  is  g  dynes.    The 

▼alac  of  ■;  varies  from  97S'I  at  the  equator  to  !)8."M  at  the  poles; 

and  tMl  may  Iw  adopted  ua  it«  average  x'aluc  in  temperate  latitudes. 

Ita  value  at  any  part  of  the  eartli'n  surface  is  approximately  given 

by  the  font)  u  la 

S  e  MO-MSa  -  31H»«  M  2X  - 'OOfl.OOaA. 

in  which  k  denotes  the  latitude,  and  A  liio  height  (in  eentiuiotrea) 
above  sua- level' 

In  {{  79  we  distinguished  botwerji  the  intensity  and  the  amount 
at  a  force.  The  amount  of  the  force  of  gravity  upon  a  mass  of  m 
gnunmes  is  mg  dii-nes.  The  intensity  of  this  force  is  g  dynes  per 
yianuuu.  The  intensity  of  a  force,  in  dynes  per  gramme  of  the  body 
aetad  on,  is  always  equal  to  the  change  of  volodly  which  tlie  forco 
pfodooM  p«r  a«oood,  this  change  Wing  exprutsod  in  centimctrvs  per 
ewond.  In  other  words  tlic  intensity  of  a  frjroe  U  equal  to  the 
Moalcratioo  which  it  product*.  The  best  designation  for  g  is  tke 
intenntg  of  gravity. 

BS.  Distance  lUlea  li  a  Qiven  Time.— The  dtstanco  descril>rd  in  a 
(EtTcD  time  by  a  hotly  moving  with  unifonn  velocity  is  calculated 
by  naltiptying  the  veloci^  \yf  the  lime;  just  as  the  area  of  a  rect- 
aojjis  is  calculated  by  multiplying  its  lengtli  by  its  breadth.  Hi-nce 
if  w«  draw  a  line  such  that  iia  oi  dinaica  AA'.  BIf ,  ke.,  represent  the 

■  r«r  tkc  Method  at  ilcUmiiiatvvi  k«  j  lEQ. 
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velodUcii  with  which  a  body  is  moving  *t  th«  limes  roprcsented  by 
OA,  OB  (time  being  reekoned  from  tho  beginning  of  the  motion),  it 

cMi  be  shown  tliat  the  whole  distance 
described  is  represented  by  the  aren 
OFB  bounded  by  the  curve,  the  lout 
ordinate,  and  the  bam  line.  In  fact  thi« 
area  can  bo  divided  into  nan«w  stripa 
(one  of  whidi  is  shown  at  AA',  Fig.  37) 
each  of  which  may  practically  be  re- 
garded u  a  rectangle,  whose  hwght  repreaenta  tlie  velocity  wiUi 
whidi  the  body  is  moving  during  the  very  small  intenal  of  time 
represented  by  its  base,  and  whose  area  therefore  represents  the 
distance  deecribcd  in  this  time. 

This  would  be  true  for  the  distance  di»cribcd  by  a  body  moving 
from  rest  with  any  law  of  velocity.  In  the  coao  of  falling  bodies 
the  law  is  tluit  llio  velocity  is  simply  proportioniU  to  Uie  time;  henee 
tha  ordinntes  AA',  BK,  iic,  mu.tt  be  directly  as  the  abttcisan  OA. 
OB;  this  proves  that  the  line  OA'  B'  must  be  straight;  and  the  &gon 
OB'  B  is  therefore  a  triangle.  Its  area  will  be  half  the  product  of 
OB  and  BB'.  But  OB  ropreseots  the  time  I  oceupii-d  by  tlic  motioo, 
and  BB*  the  velocity  gt  at  the  cud  of  this  time.  Tbe  area  of  Lh« 
liiangle  therefore  represents  half  the  pnxliict  of  t  and  gt,  tliat  is, 
represents  ^gC,  which  is  occordin^dy  the  distance  described  in  the 
tiiae  L  Denoting  this  dLitauce  by  s,  and  the  velocity  at  the  end  d 
time  t  by  v,  we  ha^-e  thus  tbe  two  fonnula 

•  =  »«.  W 

•  =  ij*-.  (it 

from  which  we  easily  deduce 

9*  =  *••.  (SI 

93.  Work  spent  in  Prododng  HotioB. — Wo  may  remark,  in  put* 
ing,  tliat  the  third  of  these  fonnutie  enables  Bs  to  calculate  the  work 
required  to  produce  a  given  motion  in  a  given  mass.  When  a  body 
whose  masa  is  1  gramme  falb  through  a  distance  «,  the  force  whi^ 
acta  upon  it  is  ita  own  weight,  which  b  .'/  dynee,  and  the  work  done 
upon  it  is  ^  erg8>.  Formula  (3)  shows  that  this  is  tho  same  as  Jt^ 
ergs.  For  a  nuuts  of  m  gnunmes  falling  through  a  distotice  s,  the 
work  is  Jmo*  erga.  The  wwk  rtquired  to  product  a  vtioeity  v  (cen* 
tlmetrea  per  seoond)  in  a  bodj/  of  mast  m  (grammes)  originally  at 
rest  t«  fmi^  (ergs)- 

94.  Body  throws  Upwards. — When  a  heavy  body  is  projected  ver- 
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tiathy  BpwMrds.  th«  rormuln  (1)  (2)  (3)  of  §  92  will  still  npplj  to 
tte  motion,  with  the  fotlowtng  int«rj>rctntioiis; — 
V  denotes  the  velocity  of  prnjtictioiL 
I  d«iioteB  the  whole  time  occupied  in  the  oecent. 
«  denoteft  the  height  to  which  the  body  will  abound. 
When  the  body  has  reached  the  highest  point,  it  will  fall  hack,  and 
its  rnlocity  at  uny  point  through  which  it  passes  twice  will  be  the 
lUOo  in  going  up  lu  in  corning  down. 

95.  &eaist«Dce  of  the  Air.— TIic  foregoing  nwulbi  arc  rigorously 
applicahk'  to  motion  in  vacuo,  and  are  i^eiixibly  correct  for  motion 
in  air  as  long  wt  the  resifltance  of  the  air  in  insigniticant  in  oomjMtri 
soo  with  the  force  of  gravity.  The  force  of  gravity  upon  a  body  is 
the  aanK-  at  all  velocJtJ«(i;  but  the  resistance  of  the  air  increases  with 
Um  velocity,  and  inoviutes  morv  and  more  rapi<ily  as  tlic  velocity 
bMSOom  grvftter;  ao  that  while  at  vi^ry  slow  velocities  an  increase  of 
1  par  eont.  id  Telocity  would  give  an  incriMWU  of  1  per  cent  in  the 
raabtance,  at  a  higher  velocity  it  would  give  an  incroaao  of  2  per 
oraL.  and  at  the  velocity  of  a  cannon-batl  on  increaae  of  3  per  cent' 
Th«  fiirmulie  are  therefore  sensibly  in  error  for  high  velocities. 
Thc-y  are  al$o  in  error  for  bodies  n'hich,  like  feathers  or  guld-lcuf, 
bava  a  luj;e  surface  in  proportion  to  their  weight. 

Ml.  PnijMtllaa. — If.  innt^-ad  of  being  simply  l<-l  fnlh  n  body  ia  pro- 
jaetod  in  any  direction,  it«  motion  will  be  coiii[Hmi»kil  of  tlic  motion 
of  a  falling  body  and  a  uniform  iiKttion  in 
tba  direction  of  projection.  Tliun  if  OP 
(Tig.  38)  is  the  direction  of  projection,  and 
OQ  the  vertical  through  the  point  of  pro- 
jrctiim,  the  body  would  move  along  OP 
hfirpjpg  ita  original  velocity  uncliangod,  if 
it  w«r*  not  disturbed  by  gravity.  To  find 
whan  Ikti  body  will  W  nl  any  time  (,  we  must 
Ity  off  a  length  OP  e<)ual  to  V^  V  denoting  the  velocity  of  projec- 
tion, and  must  then  draw  from  P  the  vertical  line  PR  downwards 
equal  to  ^ffi*.  which  is  the  distance  tliat  the  IkhIv  woidd  hnw  fallen 
in  tba  lime  if  simply  dropptd.  TIil-  point  R  thus  determined,  will 
fa«  the  actual  powtion  of  tlio  body.  The  velocity  of  the  body  n( 
any  time  will  in  like  manner  lie  found  by  compounding  the  initial 

'  m*  U  oalj  UimW  «v  o*  MTinff  Owt  Ui«  r*«utUM  nttM  kpjiniiliualdjr  ■«  the 
»AaH]  «hw  *miy  mall.  *sil  apfrtntiaiauljr  a*  tfac  mba  tt  tba  vabdtjr  (or  lelodUw  tika 
lfcMrf*MMan4wU. 
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vuloeity  with  Uie  velocity  whicb  a  faUiiig  body  would  have  acquired 
ia  Uio  Unto. 

Tb«  patli  of  Uie  body  will  be  a  curve,  m  Kprwcntcd  in  tlui 
dguze,  OP  being  a  tang«nt  U>  it  at  O,  and  its  concavity  being  down- 
urarda.    The  equations  above  ^iveu,  namvly 

ihow  that  PR  varies  oa  the  aquaru  of  OP,  and  h«nc«  that  th«  path 
(or  trajtcU^  aa  H  is  technically  called)  i^  a,  |>aral>ola,  whoso  oxia  w 
verticAL 

97.  Time  of  Fllgbt,  aod  Rante.— If  tlic  body  i-t  proJKted  from  a 
point  at  the  aurfaoo  of  ilie  ground  (supposed  level)  we  can  calculate 
the  time  of  Bight  and  Uie  range  in  the  following  way. 

Let  a  be  the  angle  which  the  direction  of  projection  makes  with  the 
horizontal.  Then  the  velocity  of  projection  can  be  resolved  into 
two  componiinM,  V  om  a  and  V  sin  a.  the  former  being  hurJKontal, 
and  tlic  Initur  vorticnlly  upward.  The  horizontal  component  of  the 
veloci^  of  the  body  b  tiitiitK:cted  by  ^tvity  and  remains  oon«taiit. 
The  vertical  velitdty  aiVr  timn  (  will  hi-  ct>iii]>>^un<lod  of  V  jtin  o  up- 
wards and  ffi  downwardj*.  It  will  thi-rrforc  bu  an  upward  velocity 
V  sin  a  —  £r'.  or  a  downward  velocity  gt  —  V  ttin  a.  At  Llie  highest 
point  of  )t0  path,  the  body  will  be  moving  homontally  and  the  ver- 
tical component  of  ita  vvloci^  will  be  xero;  that  u,,  we  shall  have 

V.dij; 
9 


T  rin  a-«<  =  0;  wtMnea  1= 


This  ia  the  tinw  of  attaining  the  hi);lK«t  point;  and  the  tinw  of 

flight  will  U.  douWe  of  this,  that  is.  will  be  "— ^. 

Aa  the  horizontal  com)>onent  of  the  velocity  haa  the  constant 
value  V  con  a.  the  horiy»ntal  displacement  in  any  time  (  ia  V  ooe  ■ 
uiullipliod  by  t     The  range  w  therefore 

— _ — «___. 

The  mnge  (for  a  given  vdodty  of  projection)  will  tlierefore  be 
greatest  when  sin  2«  is  greotesfe.  that  ts  when  2<i  =  'M'  and  •~^°. 

We  shall  now  describe  two  forma  of  apparatus  for  tlluHtntinfp  the 
laws  of  falling  boilif'n. 

98.  Morin'a  Apparatna. — Morin'a  appnratun  oonitijitjt  of  a  woodea 
i^Under  «ivi>re«l  with  paper,  which  can  be  »et  in  uniform  rotation 
about  its  axis  by  the  fall  of  a  hea^-y  weight     The  cord  whidt  sup- 
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port*  tba  woigbt  U  wound  upon  k  drum,  furni«h«U  with  a  loothwd 
wheel  whicli  woric*  on  one  side  witli  au  endless  screw  on  th«  axis 
irf  tbe  qrlindor,  and  on  the  other  drives  an  axix  (arr>-iug  i'wis  whicJi 
■erve  to  vegnUte  the  motiou. 

In  fronl  of  Iho  turning  <^Iinder  is  «  cylindro^itniicftl  weight  ut 
cut-inm  carrying  a  pun- 
dl  wbose  point  prowM 
■gwnst  the  paper,  and 
bavinic  ears  whidi  sltd« 
•jd  wrtKaJ  threads,  serv- 
itig  U)  guit)«  it  in  ita  fall. 
By  preoiini,'  n  Iwor,  the 
Wright  can  ba  niodu  to 
bU  at  a  ehoHen  inoiD«uL 
Tbo  proper  time  for  this 
ia  wbra  the  tootiun  of 
tlw  ojrHiuler  hu  become 
•«n>ibl7  unifnni).  It  fol- 
lom  hrom  thiM  arrai)^ 
lUKnt  that  during  ita 
vertical  motion  the  pencil 
will  meet  in  succewion 
tlie  difTamit  generating 
linea*  o(  the  revolving 
(^Undflr,  and  will  eonse- 
quanlly  doMtibe  on  tte 
aarCwe  a  certain  curve, 
from  the  study  of  whir)) 
weoltallbtiable  togallxr 
the  law  of  the  fall  of  tl<'- 
borly  which  has  traced 
il.  WtUi  this  view,  we 
daacribi'  (\iy  tumiii);  Ihe 
ejlinder  while  tho  )H-ncil 
ia  atationary)  a  ctrelc  poMdng  through  th^-  oonitncnwiuent  of  thi< 
earn,  and  aloo  draw  a  vertical  line  thniugh  tliia  point.  We  cut 
the   paper  along   thin  latter  line  and  ilevelop  it   (that  is,  Hattttn 

■  A  ojliAilrio  MBtM*  MoU  b*  (wtfl  «at  or  "scnmuJ'  hy  •  itnlght  Um  MOvtag 
mtaA  lbs  uk  Md  Mijriin  klwkj*  t>*MlM  la  h.    Tliu  nimmin  potiUont  g|  lUt 

ftarariin  llnii  an  Tii'f-^  Ihi  "[in  nilin  llmra  rf  tht  rj-lfri '-r" 


1%.  Hi-llwti^  Anmtm. 
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it  out  intu  It  plane).      Il  Uien  pr«MDts  the  appeftnoce  shown  in 
Kg.  40. 

If  we  tAk«  on  the  horizontAl  line  equnl  distances  at  1,  2,  3,  4,  5 
.  .  .  ,  and  draw  perpendiciitaru  at  thi'ir  citrc-iuilint  to  nicut  the 
curve,  it  is  eyid«nt  that  th«  points  thus  found  arc  Uio«o  which  wcro 
traced  by  the  pencil  when  tlic  cylinder  Imd  ttiniitl  through  the  dis- 
tauoea  1,  S,  3,  4,  6.    .     .     .     I1iv  corrcttpoiidin^  verticals  represent 

Hm  spaces  traversed  in  the  times  1,  S,  3, 
4,  ^.  .  .  .  Now  we  lind.  as  the  6^re 
shows,  that  these  epaci's  arc  rvprotKUttod 
by  the  numbers  1,  4,  9,  16.  25  ,  .  .  , 
thus  verifTing  the  prineipl«  that  tbeapMM* 
described  are  proportional  to  the  iu]OAre« 
of  the  timea  employed  in  their  description. 
We  may  remark  that  the  proportionality 
of  tile  vertical  lines  to  tbs  squares  of  the 
horizontal  lines  stiows  that  the  curve  is  a 
pnrftboU.  The  parabolic  trace  is  tltUH  the 
consoquencv  of  the  law  of  fall,  and  fmm 
the  fact  of  the  trace  being  paratiolic 
we  can  infer  the  proportionality  of  the 
spaces  to  the  squares  of  the  times. 
The  law  of  velocities  mi^fht  also  be  verified  separately  by  Morin's 
appnmtu.<i;  wc  sluUl  not  describe  the  method  which  it  would  \» 
neoeasary  to  employ,  but  shall  content  ourselves  with  remarking 
that  the  law  of  velocttieet  is  a  logical  consequence  of  the  law  ttf 
spaces.' 

99.  Atwood's  ICactaine. — Atwood's  machine,  whicli  affords  great 
facilities  for  illustrating  the  etiucts  of  force  in  producing  motkMi, 
consiils  enentially  of  a  ver^'  freely  moving  pulley  over  which  a  fine 
oord  passes,  from  t)ie  ends  of  which  two  equal  weights  oau  bo  sus- 
pended. A  small  additional  weight  of  Hat  and  elongated  form  is 
laid  upon  one  of  them,  which  is  thus  caused  to  descend  with  uni- 
fonn  acutaxUum,  and  means  are  provided  for  suddenly  nemovinf; 

'OoMldar,  lataM,  tlw  qMM  tnnn*d  ia  uif  tinMl:  tbbipirM  !•  {iiVM  lij *^ '"'^nol'' 
■=K^i  doHnv  Uw  Unuc  !*■$  ths  tpac*  tt^ytmd  rill  U  Rli  +  tf^KI**iKi4*K^. 
«Imm*  K  Mow*  UmI  tbe  tfUM  tnifrnd  iiub^  Uw  tint  $  ahtt  ib*  Udw  i  i*  -jKi  t  * 
KP.  Tba  artn^  vdodtf  iating  Itil*  UaM  #  fa  aUslMd  br  lUTMIpf  th*  (pao*  li;  t, 
M»d  fa  2Kt  *  K#,  wUcK.  bv  DuUv  '  *«(7  '■'■II'  *•■  be  mti*  to  »gn»  m  •OMiMiij  m 
wa  fihsM  wlUi  Uie  •■!«  UCc.  Tbfa  Ibniiiaf  vftlu*  SXl  mttt  tfaanfon  ba  Ifct  niadtjr  m 
Ikp  «ad  of  tinM  L—ti. 
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tbta  additioiul  weight  ai  tay  point  of  the  descent,  w  as  to  allow  the 
notioD  toooQtinae  from 


this  point  onward  with 
nnifonii  velocity. 

Tbo  machine  is  re- 
pnmothMl  in  Fig.  41. 
Tb*  pullojr  over  whtdi 
tlia  Htriog  piM»M  is  ibe 
UrgMt  of  Hm  whvolti 
abown  at  tbo  top  of  the 
«|)pai»tiia.  In  order  to 
^Vtt  ii  groat«r  fnwdom 
of  movemMit,  tbu  eada 
at  its  axis  ar*  made 
to  nat,  not  on  fixed 
mpporta,  but  on  the 
circumforencea  of  four 
wbeela  (two  at  each 
end  of  the  axis)  called 
Crietion-wbeela,  because 
their  office  'a  to  dim- 
iniab  biction.  Two 
nnall  oqnal  wdglits  are 
abown,  m^Mmded  f  roia 
tluB  poOey  by  a  string 
paoaing  over  iL  Qn«  ol 
them  F  is  represented 
•a  ooar  the  bottom  of 
tba  Mppurtin);  ptUar. 
aiMl  ib«  olltcr  P  as  n4.>ar 
tb«  top.  llie  laUtfr  is 
Twtfaig  Qpoo  a  rtniall 
platform,  whidi  can  be 
•addanty  dropped  when 
ii  ia  doaired  that  the 
motion  shall  oommvnoe. 
A  litUc  lower  down  luxl 
vertically  bencaUt  thu 
platfcjnu.  tM  M*iit  a  ring. 


Jnwr--^ 


n»  II.— Ai«»rf>  mmmm. 
Iarg«  enough  to  t^t  the  weigot  pan  through  it  without  danger  of 
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contact  This  ring  c&n  be  sbifted  up  or  down,  and  clampvd  at  aii^ 
hoight  hy  a  HCrcw;  it  U  T«pn«(.-ntcil  ou  a  largi>r  seala  in  the  timrgiiL 
At  a  coD»i<i«rablo  distance  bcncatli  tho  ring,  is  hccq  tliu  Atop,  wliidi 
is  aUo  rfiprcsent«d  in  tlie  mturgin,  and  can  like  the  ring  be  clauped 
at  any  beigbt.  Tlie  oGBoe  of  Uie  ring  is  to  interoept  the  addibiaual 
weight,  and  the  office  of  the  stop  Li  to  arreet  the  descent  The  up- 
right to  which  they  are  both  clamped  is  marked  with  a  Hcalu  of  L-qual 
portfi,  to  show  tJte  distances  moved  over.  A  clock  witJi  a  pendulum 
boating  seoondu,  in  provided  for  meastirini;  Uie  time;  ami  Uiore  is  an 
armngoment  by  which  the  movable  platform  can  be  drop{>cd  by  the 
action  of  the  dock  preciHcly  at  one  of  the  ticks.  To  measure  the 
dLitance  fallen  in  one  or  more  seconds,  the  ring  is  removed,  and  the 
atop  is  placed  by  trial  at  such  heights  that  the  deiiceuding  weig^ht 
titrikes  it  prcclwly  at  another  tick.  To  measure  the  velocity 
aojuirod  in  one  or  more  seconds,  the  ring  must  be  fixod  at  such  a 
height  as  to  intercept  the  additional  weight  at  onu  of  the  ticks,  and 
the  stop  must  bo  placed  ho  lu  to  be  stamck  by  Uio  descending  weight 
at  another  tick. 

100.  Theory  of  Atwood's  Haehine. — If  M  denote  each  of  the  two 
equal  Dusses,  in  grammeei,  and  m  the  additional  mass,  the  whole 
iitoving  mass  (neglecting  the  mass  of  the  pulley  and  string)  is 
2M+m,  but  thi>  mo^-ing  force  is  only  the  weight  of  m,  Tlio  accel- 
eration produoi-d.  instead  of  being  g,  is  accordingly  only  np —  g. 

In  order  to  allow  f<n-  the  inertia  of  the  pulley  and  string,  a  con- 
stant quantity  must  be  added  to  tJie  denominator  in  the  above  for- 
mula, and  the  valac  of  this  constant  can  be  tietcrhiined  by  obtwrv- 
ing  the  moveroenta  obtained  willi  ilitli-i-ont  values  of  U  and  m. 
Denoting  it  by  C,  we  have 


^BuT^' 
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W  the  expression  for  the  acculemtioo.  As  m  is  usually  small  in 
oomparison  witli  M,  the  acceleration  is  very  small  in  comparison  with 
that  of  a  freely  falling  body,  and  is  brought  within  the  limits  ol 
ooorenient  ubaervatJon.  Di«noting  tlic  aocelerntiuii  by  a,  and  using 
V  and  It  as  in  §  02,  to  denote  the  velocity  acquired  and  space 
described  in  time  t,  we  shall  have 
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and  «aeh  of  th«ae  formuln  cao  be  diroctly  verified  by  experiments 
witli  liie  inachioe. 

101.  naifontt  Hotioa  in  a  Circle.— 
A.  buily  cannot  move  in  a  curved  path 
finl—    tb«re   be   a   force  urging  it  wis.u. 

Uiwanls  Oio  ooncave  side  of  the  curve.  W«  shall  proceed  to  io- 
vortigato  tho  intexuitj'  of  this  force  when 
the  path  is  etrcnlar  and  the  velooitj  uniform. 
We  shall  decote  the  velocity  by  t-,  the  radius 
•if  the  ctrole  by  r,  and  tJie  intetmity  of  the 
fane  by  /  Let  AB  (FigH.  42, 43)  be  a  small 
portioii  of  thu  path,  and  BD  a  perpendicular 
apoti  AH  the  tangent  at  A.  Then,  since 
tbn  are  AB  is  wiiall  In  oonipartsvD  with 
tkv  whole  circumference,  it  is  seniubly  equal 
to  AD.  and  the  body  would  hare  been  found 
at  D  instead  of  at  B  if  no  fon%  haf]  acu-d 
upod  it  Btnce  leaving  A.  DB  is  aocurdiugly  the  dtstoiwc  duo  to  the 
toroi;  and  if  t  denote  the  time  from  A  to  B,  we  have 

AD    -r    M 

DB.  yv. 
The  Moooil  of  theoe  equations  gives 

.     3DB 

and  aubsUtuCing  for  I  from  the  first  equation,  thlt  bctiomc« 

Bui  if  An  (Fig.  43)  be  t)>e  diaiiietei-  at  A,  and  Km  tlte  perpendicular 
upon  It  from  B,  we  have,  by  Euclid,  Al>*  =  TrtB*=ATO.»?w»=ltr.  Am 
«audUy.-2r.DB. 

thnvrore  ^  =  p>  uid  hence  by  (3) 

W 


n(  a 


0) 
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Heaw  the  force  neoc4wary  tor  Iceping  a  body  in  a  circolor  path 

urithout  change  of  velocity,  i»  a  force  of  intensity  -  din>cted  towards 

the  ooolre  of  the  circle.    If  m  dctoote  the  man  of  the  body,  the 

amoaat  of  the  force  will  be  —-•    This  will  be  in  dynes,  if  m  be  in 

gnunmM,  r  in  centimetres,  and  v  in  oentinietrea  per  second. 

If  the  time  of  revolution  be  denoted  by  T,  and  n  as  usual  denotv 
tbe  r»tio  of  drcumferenoe  to  diameter.  tJte  distance  moved  in  time 
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T  \a  irf\  hence  v  =  -s^,  and  another  exin<eauoo  for  the  int«nsi^  of 
the  foroe  will  be 

103.  DeBeoting  Foroe  in  General. — In  genvml,  when  a  body  u 
moving  in  any  path,  and  with  velocity  either  coDjttant  or  vuyiDg, 
the  foroe  acting  upon  it  at  any  iiutani  can  bo  resolvod  into  two 
componenta,  one  along  th«  tangent  and  the  other  along  the  nurmaL 
The  intensity  of  the  taagcntial  component  is  meaMur«d  by  the  rate 
at  which  the  velocity  increoaes  or  diminishes,  and  the  intensity  of 
tho  Donnal  component  is  given  by  formula  (4)  of  last  article,  if  we 
make  r  di-note  the  radius  of  cur\'aturo. 

103.  lUustratioas  of  Defleotia;  Force. — When  a  stone  is  swung 
round  by  a  ati-ing  in  a  vi^rtical  circle,  the  tension  of  the  string  in 
the  lowest  jMMition  coa'ttjito  of  two  parta: — 

(1)  llie  weight  of  the  stone,  which  is  mg  if  m  be  the  mass  of  the 
stone. 

(2)  The  force  m  ~  which  is  necessary  for  deflecting  the  stone  from 
a  horizontal  tangent  into  its  actual  path  in  tlie  neighbourhood  of  the 
lowest  point. 

When  the  atooe  is  at  the  highest  point  of  its  (lath.  tlie  tension  of 
tlie  string  i»  tlie  dilTcronce  of  these  two  foroes,  that  in  to  say  it  ia 

-(■;-')• 

and  the  motioo  ia  not  possible  unlew*  tJie  velocity  at  the  bigbtei 

point  is  sufficient  to  mako  -  grutcr  than  .7. 

The  tendency  of  the  stone  to  persAverv  in  rL-ctilincor  motion  and 
to  reiist  deflection  into  a  curve,  causes  it  to  exert  a  force  ujion  the 

string,  of  amount  m  ;,  and  this  is  called  eentri/ugal  foroe.  It  is 
not  a  force  acting  upon  the  stont',  bat  a  force  exertod  by  the  stone 
upon  Uie  Hiring.  It«  diri.-ction  ia  ffvm  the  ci^ntre  of  curvature, 
whereas  the  deflecting  force  which  acts  upon  the  stone  is  Uncardu 
the  centre  of  curvature. 

104.  Oestrlfafol  Force  at  the  Eqnator. — Bodies  on  the  nrth'a 
surface  are  carried  round  in  circles  by  tlie  diunial  rotation  of  th« 
earth  upon  its  axis.  The  veloci^  of  this  motion  at  the  eqiuttor  ia 
about  46.500  oentJmetres  per  soeond,  and  the  earth's  equatorial 
radios  is  about  6-38  x  10*  centimetres.  Hence  the  value  of  ^  ia 
foand  to  be  about  3*39.     The  case  is  analogous  to  that  of  the  stone 
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■t  tba  bigbost  point  uf  ita  jmth  in  thu  prccDding  article,  if  instead 
of  a  itniig  which  can  only  exert  u  {full  wu  eupptuie  a  stitf  rod  which 
can  Bxcn  a  push  upon  th«  stone.    The  rod  will  be  called  upon  to 

t«rt  a  pall  or  a  push  at  Uie  highest  point  according  as  -  is  greater 

^  leas  than  g.    The  foroe  of  the  push  in  the  tatter  case  will  be 

and  this  in  aocordingly  tlie  force  with  which  tho  surface  of  the  earth 
at  tlie  e<{uator  puahea  a  body  lying  upon  it  The  push,  of  coutse, 
is  mutual,  and  this  fomuila  therefore  gives  the  apparent  weight  or 
apparent  gravitating  force  of  a  body  at  the  equator,  vtg  detiuting  its 
true  gravitating  foroe  (duo  to  attraction  alone).  A  body  falling  in 
vacuo  at  the  (.-iqiiator  hiM  an  aceclention  978'10  n-Iativo  to  the 
mrfaco  of  tJic  earth  in  its  neighbourhood ;  but  this  portion  of  tlic 
stuface  has  itself  an  acceleration  of  3'39,  directed  towartbt  llw  earth's 
eontn.  and  tlicrefdre  in  the  same  direction  as  the  acceleration  of  tlie 
body.  The  absolute  acceleration  of  the  body  ts  therefore  the  sum  of 
tbne  two,  that  is  &S1'49,  which  is  accordingly  the  intensity  of  true 
gravity  at  the  equator. 

Thu  apjiarunt  weight  of  bodies  at  the  equator  would  be  ni7  if  - 

wutt  <!qual  to  g.  Dividing  8'39  into  981-49,  the  quotient  is  approxi- 
mately 289,  whicli  is  (17)*.  Henoe  this  state  of  things  would  exist 
if  the  velocity  of  rotation  were  about  17  titnea  as  fast  as  at  present. 

Since  the  movements  and  forces  which  wo  actually  ob^-rve  depend 
upon  Ttlalive  acceleration,  it  is  usual  to  understand,  by  the  vnluv  of 
g  or  tJie  iut«osity  of  gravity  ot  a  place,  the  apparent  valuca,  unlcen 
the  couUmiy  be  exprcswid.  Thus  the  value  of  g  at  the  equator  is 
usually  stated  to  bo  97810. 

109.  DlreoUoD  of  Apparent  Oravtty. — The  total  amount  of  centri- 
fugal foroe  at  different  places  on  tho  earth's  surface,  varies  directly 
■a  their  distance  from  the  earth's  axis;  for  thiji  is  the  value  of  r  in 
the  formula  (5)  of  §  101,  and  thu  value  of  T  in  tliat  formula  is  the 
same  for  lh«  whole  earth.  Tlie  direction  of  this  force,  being  pcr- 
paodicular  to  Uiu  eartli's  axis,  is  not  vertical  except  at  tlio  (-(juator; 
and  heoM,  when  we  compound  it  with  the  forcu  of  true  gravity,  we 
obtain  a  resultant  force  of  api'srent  gravity  ditTering  in  direction  as 
wvll  as  in  magnitude  firom  true  j^Tavity.  \V  hat  is  alwaj-s  undcftstood 
by  a  veriunl.  is  the  direction  of  ayparent  gravity;  and  a  plane  pei^ 
pModieular  to  it  is  witat  is  meant  by  a  horizontal  plane. 
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106.  The  PendolBiD. — ^\'heii  a  body  is  suspended  eotbat  itcantuni 

about  a  horizontal  axis  which -doea  not  pesa  Uiroiif^h 

its  Ci'ntro  of  gravity,  its  only  poaitioo  of  stable  uqui- 

Ubriuni  ia  that  in  whicli  its  eeotre  of  gravity  is  in 

the  iwtnt;  vertical  pliuie  with  Uie  axiH  and  l)elow  it 

t§  42).    If  the  body  bo  turned  into  any  other  i>o»ition, 

and  left  to  itself,  it  n-ill  oscillate  from  ono  side  to  the 

other  of  the  position  of  equilibrium,  until  tlie  resistance 

of  the  air  and  the  friction  of  the  axLt  gradually  bring 

it  to  rest     A  body  thus  suspended,  what4.'vcr  be  its 

form,  IB  called  a  pendulum.      It  frequently  oonsistB 

of  a  rod  which  can  turn  about  an  axis  O  (Fig.  44)  at 

ilfi  uppt-r  end.  and  which  cturiot  at  it«  lower  «nd  n 

heavy  Icns-sliapi^d  piece  of  metal  M  oalled  the  bob;  Uiiw 

latter  con  be  raised  or  lowered  by  means  of  tlw  acn-w 

V,     The  application.1  of  the  pendulum  ore  vety  iin)N>i-- 

toot:  it  regulatea  our  clocks,  and  it  hoA  enabled  us  to 

measure  the  intensity  of  gravity  in  diflerent  portx  of 

tho  world;  it  is  important  then  lo  know  at  least  the 

fundamental   points   in  its  theory.      For  explaining 

thcM,  w«  aboU  begin  with  tha  consideration  of  an 

ideal  body  oatlcd  the  inmi>U  pendnhtm. 

j^^^         107.  Simple  PeodBlum. — Tltis  is  the  noma  ffiwn  to  a 

_£^^^^    peodulon  oonaisting  of  a  heavy  particle  M  /Tig.  45) 

^'^^^^V    Bttoebed  to  one  end  of  an  inexteauble  thread  without 

^^^^     weight,  Uie  other  end  of  the  threw)  being  ftxed  at  A. 

^r  When  till!  thrwid  is  vertical,  the  weight  of  the  [Article 

n^  M.-fm4%iaM.  *Mt»  in  the  direction  of  ita  length,  and  there  is  equilil^ 
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riuin.     But  snppoee  it  is  drawn  aside  into  another  potutioii.  hs  AM. 

In  this  cme,  tlie  w«ighl  ilG  of  the  partidu  aui  be  reaolv«l  into  two 

fonxs  MC  and  MU.    The  fonu«r,  acting  along  the  prolongation  of 

tlis  thnad,  ia  deatroyed  by  the  re»utan«e  of  th«  thniodi  the  othur, 

•cthigaloDg  the  tangent  MH,  produces  the 

motJOD  of  the  pattiole.    This  effective  cotn- 

ponent  is  evidently  so  much  the  grc-ater  a* 

the  angle  of  diepla«:incut  from  the  vertical 

poaltioo  is  greater.   The  particle  will  there- 

fon  more  akmg  an  arc  of  a  circli;  described 

from  A  u  centre,  and  the  forc<^  which 

nrgcs  it  forward  will  cuntinaally  diminish 

till    it  airivpfl  at   the   lowait   point    M'. 

At   M'   this  force  is  zero.  hut.  in  virtue 

uf  the  velocity  acqoir^,  the  particle  will 

■aeanJ  on  the  opposite  side,  the  elective 

eonpoaant  of  gravity  being  now  opposed 

id  the  diroctkin  of  ita  motion;  and.  iiiai^ 

naefa  aa  the  magnitude  of  this  ootnpom'nt 

goaa  through  the  same  series  of  vaIuoh  in  this  part  of  the  motion 

a*  in  the  fonuer  part,  but  in  ix!verf«d  order,  tlic  vclodty  will,  in  lik** 

manner,  retrace  its  former  valuer,  and  will  bfrcmiie  zero  when  ttte 

particle  has  rifi«n  to  a  point  M'  at  the  same  height  as  M.     It  then 

dtscends  again  and  performs  an  oecillation  from  M'  to  M  precisely 

ahnilar   to   the   fintt,  but   in   the  reverse  direction.     It  will   thus 

eoatinufi  to  vibraU'  between  the  two  p(^>intd  M,  U"  (friction  bving 

Mppoaed  excluded),  for  an  inrli-t!nite  niinihtur  of  times,  all  (he  vibra- 

HittM  being  of  equal  extent  and  jH^rfuniM^  in  equal  periods. 

The  distance  through  which  a  simple  penduhim  trav«Ia  in  moving 
fruto  ita  lowest  position  to  it^  furthest  position  on  either  side,  is 
oalled  its  aiHplittule.  It  is  evidently  equal  to  half  the  complete  arc 
at  Tlfanittoo.  and  is  comntonly  expressed,  not  in  linear  measure,  but 
ia  dagiaea  of  arc  Its  nnmerical  value  ia  of  couree  equal  to  that  of 
lh«  aught  ktAM',  which  it  subtcndn  nt  tlie  centre  of  the  drcle. 

Tba  eomftete  period  of  the  pendulum'ii  motion  is  the  time  which 
it  oeeapiM  in  moving  from  M  to  H'  and  back  to  lif,  or  more  generally, 
ii  tb«  time  from  its  pawing  through  any  given  position  to  its  next 
ptimog  through  the  siune  |x«>itif>ti  in  iht  ortrnt  dirfcHon. 

What  ia  ooromonly  called  the  time  of  vibration,  or  the  tjmc  of  a 
atDf^lB  -vibration,  is  the  half  of  a  complete  period,  being  the  time  of 
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pantng  from  one  of  the  two  extxvmo  positions  to  the  otbur.  Heooe 
what  wo  have  ttbovu  dvtiiied  an  it  coinpIeUi  period  is  oflcu  adled  a 
(loublu  vibrnttou. 

When  th«  ampUtviie  changea,  Uie  time  of  vibration  changes  also, 
being  greater  as  the  aiiiplitudo  ia  greater;  but  the  ci^nnection  between 
the  two  elements  is  very  far  from  being  one  of  simple  proportion. 
The  change  of  time  (da  measured  by  a  ratio)  is  much  Ices  than  the 
<iuuigo  of  amplitutle,  cspvcijilty  whvn  the  aukplitudu  is  tuitall ;  and 
when  the  amplitude  a  Ictw  Uian  about  5*,  anj-  further  diminution 
of  it  has  little  or  no  sensible  ell'vct  in  dimini^ing  lite  timo.  For 
«maU  vihrationu,  Uien.  l/u  time  of  vUnvtion  it  indtpmutnU  of  tit* 
amptitttd*.    Thin  i»  called  the  law  of  uocAronmn. 

108.  Law  of  Acceleration  for  Small  Vibrations. — Denoting  the 
length  of  a  Hitnple  pi-nduhim  b^  /,  and  iU  inclination  to  the  vertical 
at  uty  iDoiiient  by  0,  we  see  from  Fig.  45  that  the  ratio  of  the  effective 

component  of  gravity  to  the  whole  force  of  gravity  j«  j,,.,  that 
is  sin  9;  and  when  «  is  small  thin  ia  aemibly  etiual  to  0  itself  aa 
measured  by  ^^^.  Let  •  dcnot«  tho  length  of  the  arc  MM'  int«r- 
vening  between  the  lower  end  of  the  pundulum  and  the  lowest  point 
of  ito  swing,  at  any  time;  tl)t>n  0  ia  equal  to  ^  and  the  intensity 
of  tho  effective  force  of  gravity  when  0  U  small  b  sensibly  equal  to 

g».  that  is  to  ^.  Since  g  and  I  are  tlie 
aame  in  all  poditioos  of  the  pi'iidubnii,  thtM 
eS'ective  force  varies  as  a  Its  direction 
is  always  towards  the  position  of  eqtulib- 
rium,  60  that  it  acoeleratea  tlte  motion 
during  the  approach  to  this  position,  and 
retards  it  during  the  recess;  the  acoelemtion 
or  retardation  being  always  in  dirwt  pro- 
iwrtioi)  to  the  distance  from  tho  position  of 
equilibrium.  I'lus  species  of  motion  is  of 
extremely  common  oocurrAncc.  It  is  illus- 
trated  by  the  nbration  of  cither  prong 
of  a  toning-fork.  and  in  gemiral  by  ths 
motion  of  any  body  vibrating  in  one  plans 
in  such  a  manner  as  to  yield  a  simple  musical  tone. 

109.  Oeneral  Law  for  Period. — Su|vpo«e  a  point  P  to  tiavol  with 
anif<mn  velocity  round  a  circle  (V"i^.  ¥i),  tutd  from  its  snooeasfv* 
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poAiUoui  P,,  P„  ix.,  let  pcrpendicoUra  Pipi,  P^.  Sx..  be  drawn  to  a 

fixtnl  stnitctit  linu  in  thu  plane  uf  the  circle.     Thun  while  P  braveb 

aaa>  rouud  tlic  circle,  ite  proji-ctioQ  p  executes  a  complvto  vibration. 

Th«  Mcelcratton  of  P  is  always  directed  towards  the  centre  of  the 

cinile,  and  is  oqital  to  (yj'r  (§  101).   The  ooinponvnt  of  this  acceler- 

atioo  paimllol  to  the  line  of  motion  of  p,  is  the  fraction  •  of  the  whole 

ABoelenUon  (ir  denoting  Utc  dittwice  of  p  front  the  middle  point  of 

its  path),  and  ia  therefore  (j'}'-     This  ia  accordingly  the  aocelera- 

tiim  of  p,  and  as  it  is  niniply  proportional  to  re  we  slioll  dvnoto  it  for 
brnvi^  by  /tr.    To  oomputc  tlio  periodic  tinie  T  of  a  oouiplet« 

rihratioo,  we  have  the  equation  m  =  (^) ,  which  gives 
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tlO.  Application  to  the  Pendnlum. — For  the  oiotion  of  a  peuduluni 
in  a  small  atx:,  we  have 

acceleration  =^*. 

when  t  dcnotM  the  displacement  fn  linear  measure.    We  must 

therefore  pat  p=^  and  we  then  have 
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which  ift  the  exprewion  for  the  time  of  a  complete  (or  double)  vibra- 
tion. It  is  more  usual  to  undontnnd  by  the  **  time  of  xibration"  of 
a  {M^nilulum  the  lialf  of  tliLt,  that  is  the  time  trora  one  extreme 
poaition  to  the  other,  and  to  denote  this  time  by  T.  In  this  sense 
WD  have 

To  find  the  length  of  the  aecoods'  pendoliun  we  must  pot  Tsl. 
This  gives 

If  g  wen  d87  we  should  liave  1=100  centimetres  or  1  metre,  llie 
actual  value  of  j/  is  m-rrj'whcnT  a  little  le^  than  this.  The  length 
of  the  effBOltda*  pendulum  ia  tlierelbre  everj-where  rather  less  than  a 
nurtre. 

111.  Simple  Harmoaio  Motioa. — Rt-ctilincor  motion  oonsinting  of 
viLnttiun   about   a    [luint    willi   accvt«:mtiou  ;ix.  where  x  denotes 
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dUtJUioc  from  Uiia  poiot,  is  called  Simpie  Uamumie  Motion,  or 
Simple  H&rmonio  Vibration.    The  above  investigatifHi  sbowB  tliat 

such  TibnUitHi  is  isoclironous,  its  pi-riod   being  ^  whatever  tho 

amplitude  may  be. 

To  understand  the  reason  of  this  isochronism  we  have  only  to 
remark  that,  if  the  amplitude  be  changed,  the  velocity  at  correspond- 
tng  points  (that  is,  points  wbo«o  distances  from  tlio  middle  point  are 
Lbc  same  fractions  of  the  amplitudes)  will  bo  dianged  in  the  aarna 
ratio.  For  example,  compare  two  simple  vibrations  in  which  tb« 
valucfl  of  Id  are  the  same,  but  let  the  amplitude  of  one  be  double  tJiat 
of  the  other.  Then  if  we  divide  the  patlis  of  both  into  the  same 
number  of  small  equal  parte,  these  parts  will  be  twice  as  great  fi 
the  one  as  for  the  other;  but  if  we  suppose  the  two  points  to  start 
liiiikultanGously  from  tlioir  extreme  positions,  the  one  will  constontly 
bo  mo^'ing  twice  as  fast  as  the  other.  The  number  of  ports  described 
in  any  given  time  will  tliercfort;  he  the  same  for  both. 

In  Uie  ca.se  of  vibrations  whidi  are  not  simple,  it  is  easy  to  soe 
(from  comparison  with  simple  vibration)  that  if  tlie  acceleration  in- 
cnaaes  in  a  greater  ratio  than  the  distance  bom  the  mean  position, 
the  period  of  vibration  wilt  be  shortened  by  increasing  the  amplitude; 
but  if  the  acceleration  increases  in  a  less  ratio  than  the  distance,  aa 
in  the  CAM  of  the  common  pendulum  \-ibnitjng  in  an  arc  of  moderate 
extent,  the  period  is  incr<-ai«oi1  by  increasing  the  auiplitudo. 

113.  Exjierimentai  Investigation  of  the  Motion  of  Peadulams.— The 
preceding  investigation  applies  to  the  simple  pendulum;  that  is  to 
a»y  to  a  purely  imaginary  existence;  but  it  can  be  theoretically 
deuHHutrated  that  every  rigid  body  vibrating  about  a  horizontal 
axis  under  the  action  of  gravity  (friction  and  the  rcsistanoe  of  the 
air  being  neglected),  moves  in  the  same  maimer  as  a  simple  pendu-j 
lum  of  dctcnninatc  length  called  tiw  t'pii'ytUiit  simpU  pend*lt^ 
Hence  the  above  results  can  bo  verified  by  experiments  on 
pendulums. 

The  discovery  of  the  experimental  laws  of  the  moticm  of  pendir>' 
Ions  was  in  fact  long  anterior  to  the  theoretical  inveiitigation. 
Tt  was  tJie  earliest  and  one  of  the  most  important  discoveries  of 
Uaiileo,  and  dates  from  the  year  1582,  when  be  was  about  twenty 
j-uan  of  age.  It  is  related  that  on  one  occasion,  when  In  the 
eathcdr&l  of  Pisa,  he  was  struck  with  the  regularity  of  the  osdllo- 
liuns  of  a  lamp  suspcndMl  from  the  ruof.  and  it  ajipeared  to  him 
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Uwt  liuiat  MdlUtiuuB,  tliotigb  dimiaishtng  in  extent,  pnwerved  tiie 
mme  dozatioo.  He  tested  tlie  fact  liy  repeated  trials,  which  coa- 
finaed  him  in  the  belief  of  its  perfect  oxactness.  Tliis  law  of 
isochrooisa)  can  be  eoaily  verified.  It  is  only  neceBsaij  to  ouimt 
the  vibratioas  which  take  place  in  a  given  timo  with  ditlViyrnt 
amplitudes.  The  numbers  will  be  fonnd  to  be  exactly  the  same. 
tUa  will  be  found  to  bold  good  even  when  some  of  the  vibratiuns 
oomparod  an  so  small  that  they  can  only  be  observ«d  wJUi  a 
tdoHOpe. 

Ety  unployiiig  balLt  miitpended  by  tliruuls  of  different  lengths, 
Oolibo  diacoTered  the  inlluenc«  of  lengtli  on  the  time  of  vibration. 
He  ascertained  that  when  the  length  of  the  thread  increases,  th« 
tinM  of  vibratioa  increases  also;  not,  however,  in  proportion  to  the 
length  sitDply,  bat  to  its  square  root. 

113.  Pjrcloidal  Pendulum.— It  is  obvious  from  §  Gi  that  the  effective 
oootpoDcnl  of  gmvity  upon  s  particle  resting  on  a  Hinooth  inclined 
plana  is  proportional  to  Uie  sine  of  the  inclinutiuu.  The  aeccIcroA 
tiun  of  a  particle  so  situated  U  in  fact  g  un  a,  if  a  denote  thi;  iiicliua- 
tko  uf  the  plane.  Wbeo  a  particle  U  gtii<l<-d  aJung  a  ttmooth  curve 
Ua  aooeleraUon  in  expreased  by  the  same  fdnuula,  a  now  dt^iioting  tbe 
inclination  oi  the  curve  at  any  point  to  the  horizon.  This  indina- 
tion  varies  tram  point  to  point  of  the  curve,  so  that  tlie  acoelerstton 
gtiitm  b  no  loo^r  a  constant  quantity.  The  motion  of  a  common 
pendulum  corresponds  to  the  motion  of  a  particle  which  ie  guided  to 
move  in  a  circular  arc;  and  if  x  dviiute  distance  from  iht;  lowest 
poini,  muararod  along  Uic  arc,  and  r  the  radius  of  the  drclo  (or 

the  length  of  the  pendulum),  the  acceleration  at  any  point  ia  •;  sin  '• 

This  is  sensibly  proportional  Co  ir  so  long  as  a:  in  a  small  fraction 
(rf  r;  but  in  general  it  is  not  proportional  to  x,  and  hence  the  vibra^ 
ore  not  in  general  isochronouit. 

To  obtain  strictly  isochronous  vibrations  we  mui«t  Hubntitute  for 
the  circular  arc  a  curve  which  poaswcn  the  proporty  of  having  an 
inclination  whosa  sine  is  simply  proportional  to  distance  measured 
along  the  ettrvo  from  the  lowest  point.  The  curve  which  poaaeaaea 
thill  property  is  the  cj'cloid.  It  is  the  curve  wliich  is  traced  by  a 
|>oint  in  the  circuutference  of  a  circle  which  rolls  along  a  strai<;ht 
lina.  The  keloidal  pendulum  is  eonstnicUKl  by  Kuspending  an  ivoiT,- 
l«U  or  some  other  small  heavy  body  by  a  thread  ijctwecn  two 
dMsks  fFIg.  47).  on  which  the  thrt-sd  windx  w  the  ball  iwings  to 
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either  add.  The  checks  must  tlieiitsulvvs  be  the  two  halves  of  a 
cycloid  whose  length  le  double  th«t  of  the  thread,  so  that  each 

dieek  imn  th«  same  length  as  the 
thread.  It  can  be  draioiiBtrtttvd' 
that  under  these  ctrcumstaneos 
tlif  path  of  tliQ  ball  will  \»  a 
cycloid  iduiitical  with  that  to 
which  tho  chcttks  belong.  Ne- 
glecting friction  and  the  rigidity 
of  the  tlircod,  the  acoeleiation  in 
this  case  is  proportional  to  dis- 
tance measured  along  the  cycloid 
from  ita  lowest  point,  and  henoe 
the  time  of  vibration  will  be 
Htrictlj  the  same  for  large  an  for  small  amplitutU-s.  It  will,  in  fact, 
be  the  samo  as  that  of  a  tiimple  pendulum  having  the  samv  length 
aa  the  cj'cloiiUil  pendulum  and  vibrating  iti  a  Hinall  arc 

Attempts  have  been  made  to  adapt  the  <^cloidal  |>enilulum  to 
clocks,  but  it  has  been  found  Uiat,  owing  to  tlie  greater  amoont 
of  friction,  its  rate  was  loas  r^ular  than  that  of  tlie  common  |>endu- 
lam.  It  may  be  remarked,  that  the  spring  by  which  pendulums  are 
often  suti[>eDdcd  has  the  effect  of  guiding  the  pendulum  bob  in  a 
cur%'o  which  is  appruxiniatoly  cycloidal,  and  tlius  of  dimiuitihing  thu 
irrvgularity  of  ntt«  rcnulting  from  diflmnccs  of  amplitude. 

114.  Uomeot  of  Inertia. — Just  as  the  mass  of  a  body  is  the 
mcAHiire  of  tlie  force  n:(|uiisitv  for  producing  unit  accclunttion  wIk-ii 
the  movement  is  one  of  pure  tramJatioD;  so  the  nuntumi  0/  inertia 
of  a  rigid  body  turning  about  a  fixed  axis  is  the  moa^ture  of  the 
coople  requisite  for  producing  unit  acceleration  of  angular  velm-ity. 

Wc  BUppoBo  angle  to  bo  meaeurvd  ly  ^-,  so  that  the  angle  tunwd 

by  tlio  body  is  equal  to  tlic  arc  described  by  any  point  of  it  divided 
by  tlto  diittance  uf  this  point  front  the  axiii;  and  the  anpilar  velocity 
of  tlic  body  will  be  the  velocity  of  any  point  divided  by  its  diatauca 
from  the  axis.  Tlio  moment  of  inertia  of  the  bwly  round  the  axis 
is  ninnerii'ally  equal  to  the  uiuple  which  wnuld  pnKluoo  unit  cluuig« 
of  angular  velocity  in  the  bcHly  in  unit  Uuic  We  shall  now  show 
how  to  express  the  mtHuent  of  inertia  in  t«rms  of  the  uuLmea  uf  tlw 
particles  of  the  body  and  their  di-otances  from  the  axis. 

'  Stow  tlw  •mlula  at  Uia  «yv\at4  U  aii  «iiul  o)>«lcicL 


HOUKXT  OF   EXERTU. 

Let  m  dsnoto  the  muss  of  any  particle,  r  iui  iJLstaoce  f^iom  tlis 
vds,  BDil  f  thb  angular  accck'rotioD.  Tben  rf  b  t\w.  acceleration  of 
the  particlB  m,  wid  tli&  force  wbidi  would  produce  thin  accoleration 
faj  acting  tUrecUy  on  th«  [Mtrtidc  nloiig  the  line  of  its  motion  is 
mrf  Tbt  nKntwnt  of  IJiia  force  round  tho  axis  would  be  mrf  nince 
it*  anil  is  T.  The  aggregate  of  all  euch  momenta  as  this  for  all  the 
paitidflS  of  tlie  body  Is  evidently  eejual  to  the  couple  which  iictitally 
produces  the  aoceleralinn  of  the  body.  Using  the  Nign  s  to  d(iQOt« 
"  th«  sum  of  Bud)  t«rms  as,"  and  obst-ning  that  f  is  the  same  for  the 
whole  boc^',  we  have 

AfiplM  ooapl'  =  Z  (■r*M  =  «  Z  (xr*).  (1) 

niiui  f  Li  unity,  the  applied  oouple  will  be  equal  to  Z  (mH),  which 
ia  therefore,  by  the  foregoing  definition,  the  moment  of  inertia  of 
tl)R  body  round  the  axis. 

116.  Momenta  of  Inertia  Eon&d  Parallel  Axes. — The  moment  of 
inertia  round  an  axis  through  the  oontrc  of  nia.w  is  alwa}-8  Imtn  than 
that  round  any  parallel  axi& 

For  if  r  denote  the  distance  of  the  particle  m  from  an  axitt  not 
piMiii[3  through  the  centre  of  mass,  and  aa  and  y  its  distances  from  two 
mutually  rectangular  planes  through  this  axis,  we  have  r'=x'+y*. 

Nuw  let  two  planes  parallel  to  these  be  drawn  through  the  centre 
of  maas;  let  {  and  v  be  the  distances  of  m  from  them,  and  j>  its 
dtstaooe  from  their  line  of  intersection,  which  will  clearly  be  parallel 
lo  the  giv«n  axis.  Also  let  a  and  6  he  the  distaincvs  rcHpectively 
between  the  two  pairs  of  parallel  planea,  so  that  «*-{-''*  will  be  the 
square  of  the  distance  between  tlie  two  parallel  axea,  which  di.tt&nc« 
w«  will  denote  by  h.    Then  we  have 

« r«^  =  I  J- (^  +  4^1  + 1  {» (f  +  w-jj 

*  &■  £  (nfl  *  U  Z  (mqI 

=  y  z«  +  z  (m/i  A  Oif  z«  «  2t  V  Zm. 

whsm  C  and  n  are  the  values  of  I  and  v  for  the  centre  of  mass.  Bui 
tbosa  values  are  both  zero,  since  the  centre  of  mass  lies  on  botli  the 
phUMS  from  which  I  anil  if  are  measured.     We  have  therefore 

Z  («»»)  =  *•  Z««  +  2  (iv')>  >*> 

thai  is  lo  Bay,  the  moment  of  inertia  mund  tho  given  axis  exceeds 
the  moment  of  inertia  round  the  parallel  axis  through  the  centre  of 
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iiuss  by  th«  product  of  the  whole  maas  into  the  square  of  the  <li»- 
tanoe  between  the  nxen. 

116.  Application  to  Cotnpoand  Pendalam. — llie  application  of  thih 
principle  to  the  compound  pendulum  leads  to  some  reeult«  of  great 
interest  and  itoportaaoe. 

Let  M  be  the  man  of  a  compound  pendulum,  that  is,  a  ri^d  body 
ft«e  to  OMJUate  about  a  fixed  borizoiitAl  axi&  Lot  A,  as  in  th<> 
preceding  motion,  denote  the  distance  of  the  centre  of  ma.-«  from 
thill  axis;  let  9  denote  l]ie  inclination  ot  h  to  the  vertical,  and  #  tttc 
angular  acceleration. 

Tlien,  since  the  forces  of  gravity  on  tlie  body  are  equivalent  to  a 
Kinglc  force  My,  acting  vertically  downwarda  at  the  centre  of  maas, 
and  therefore  having  an  arm  h  sin  6  vritli  respect  to  the  axis,  the 
moment  of  the  applied  forces  round  the  axis  \s  U^A  sin  9;  and  this 
mu»t,  by  §  IH,  be  equal  to  pS  {mr').    Wq  have  therefore 


W 


If  the  whole  maas  wore  collected  at  one  point  at  distance  I  from  th« 
axis,  this  equation  would  bvcome 


Ut*      ,      ffttii« 


11) 


and  the  angular  motion  would  be  the  tianie  as  in  the  actual  oaso  if , 
I  bad  the  value 


is 


"SET- 


(B) 


«*«. 


I   is  evidently   the    length   of    the   equivalent   timplo 
pendulum. 

117.  Coavertlbiltty  of  ContrM. — Again,  if  we  introdooaj 
a  length  k  Much  that  MA-*  is  tqtul  to  £  (fi'p*).  that  is, 
tlti.1  moment  of  inertia  round  a  paraili!l  axis  through  tJie 
centre  of  maM,  we  have 


•nd  equation  (5)  beouiiten 


m 


In  the  annexed  figure  (Fig.  4S)  which  nrprflMnt«  a  vertical  sectioo 
through  the  oentn'  of  mans,  let  U  bo  the*  centre  nf  utass,  A  the  "oeot 
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of  mqwuiioD,'*  Uiat  is,  the  point  in  wliich  the  axis  cuts  the  plane 
of  the  figon,  an/i  O  the  "centre  of  oscillation."  that  is,  the  point  at 
which  the  iDAaa  might  be  collected  without  altering  the  movement 
Then,  b;  ilefinitioD,  we  have 

ao  thftt  equation  (7)  atgnifiea 


£•  ^  AG .  oa 


W) 


Biuem  le'  is  tbu  same  for  alt  porallol  axo»,  thi»  equation  shows  that 
whoa  the  body  is  made  to  vibnt«  about  a  ]>ara]lc]  axis  through  O, 
tba  eontn  of  oedUation  will  be  tho  point  A.  That  is  to  any;  (A« 
etiUn$  of  «iMjMt«u?»  and  otdllatu/n  are  interchangeabte,  arid  the 
product  of  th<ir  ditit«nee»  from  the  ettttre  of  mass  ia  ^. 

118.  If  we  take  a  new  centre  of  aus]>cnsiQn  A'  in  tho  piano  of  the 
figure,  th«  new  centre  of  oscillation  0'  wiU  lie  in  the  production  of 
A'O,  and  we  iDost  have 

A'Q  .  00"  =  H  =  AG  .  GO. 

If  A'O  be  equal  to  AG,  GO'  will  be  equal  to  GO.  and  A'O*  to  AO, 
•o  that  Urn  length  of  the  equivalent  simple  pendululn  will  be  un- 
ebai^jed.  A  omnpvwnd  pendulum  will  therefore  viUrate  in  the 
mmu  Hmt  ahoat  all  panJhl  aaea  vAidi  are  equidutant  from  the 
tnttrt  o/mon. 

When  the  product  of  two  (juaiitities  is  given,  their  sum  is  lea^t 
wbou  they  are  equal,  and  becomes  continually  greater  as  they 
di^iart  furtlier  frout  t^quality.  Hence  the  length  of  the  equivalent 
dmple  pendulum  AO  or  AO  +  GO  ia  least  when 

AG  =  00  B 1^ 

aod  incraaMM  oontinunJly  as  the  distance  of  the  ccittre  of  suspen- 
sioo  from  G  is  either  ineroaiwd  front  h  to  infinity  or  diminished  from 
k  to  zero.  Hence,  when  a  bo<ly  vibrates  about  an  axis  which  passes 
nay  nearly  through  its  centre  of  gravity,  ibi  oBcillations  are  exceed- 
togly  alow. 

iU9.  Eater's  PendolaiD. — The  principle  of  the  convertibility  of 
omtres,  established  iu  §  117,  was  discovered  by  Xluygens,  imd 
aflimhi  tho  mo«t  convenient  practical  method  of  constructing  a 
peDilulum  of  known  length.  In  Hater's  pimdulum  there  an>  two 
parallol  knifo-wlgcs  almut  vitlier  of  whid)  the  pendulum  can  be 
made  to  vibrate,  and  one  of  them  can  be  adjusted  to  any  distance 
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Erom  the  other.  Tlie  ]>en<talain  ia  swung  fimt  upon  ooo  of  theae 
«dgea  and  then  upon  the  other,  and.  if  any  ditference  b  detected  in 
bhu  times  oE  Tibratioo.  it  is  correcied  by  moving  the  adjustable  ed^. 
Whvn  (lie  difTerenco  bos  been  couplutuly  clt-stroyed,  the  dtl^tauce 
between  thv  two  cdgut  is  the  length  of  the  i-<|iiivati-nt  Hiuipk-  pcndu' 
tiun.  It  is  noccmary.  in  any  armngement  of  this  kind,  that  the  two 
knife-edges  (thou  Id  be  in  n  plane  paning  tlirough  Uie  oontn  of  gravity; 
also  that  tliey  should  be  on  opposite  sides  of  tlie  centre  of  gravity, 
and  at  unequal  distances  from  it. 

120.  DeterminatioD  of  the  Value  of  g. — Returning  to  the  formula  for 

the  uniple  p«nduluni  T^^ir  y/-.  w«  easily  deduce  from  it  g=  t^, 

whence  it  follows  Uiat  the  value  of  ij  can  be  determined  by  making 
a  pendulum  vibimte  and  mcAAuring  T  and  /.  T  is  detenniru-'l  by 
counting  the  nurnlter  of  vibrations  tltat  take  place  in  a  given  time; 
t  can  be  calculated,  when  the  pendulum  is  of  regular  form,  by  th« 
aid  of  formuln  which  are  given  in  treatises  on  rigid  dynamics,  but 
its  value  is  more  easily  obtained  by  Eater's  method,  described  alovo, 
founded  on  the  principle  of  the  conv«)rtibility  of  the  oentrra  of 
suspension  and  oecillation. 

It  is  from  pendulum  observations,  taken  in  great  numbers  at 
tliflvrt^nt  parte  of  the  earth,  that  the  approximate  formula  for  the 
intt^mity  of  gravity  which  we  havei  given  at  §  01  liim  beon  deduoed. 
Local  peculiarities  prevent  the  possibility  of  laying  down  any  general 
formula  with  precision;  and  the  exact  value  of  g  for  any  place  oan 
only  be  asoertAined  by  observations  oa  the  spot. 


CHAPTER  IX. 


COVSEBVATION    OF   EKHBOT. 


121.  Deflnltion  of  Einetio  Energy. — W«  l»v«  aeon  in  §  93  that  the 
work  which  tnost  be  dme  upon  a  raua  of  m  ^riiitnincA  to  give  it  n 
velocity  of  v  oentimetres  per  second  is  ivnu*  ergn,  Thougli  vm  have 
proved  this  only  for  the  case  of  falling  bodies,  with  gravity  an  tl>c 
working  force,  the  reenit  is  true  universally,  as  ia  shown  in  advanced 
tw>d**i  on  Duilhi-rnAtical  pbyNcs.  It  is  tnio  whether  the  motion 
bo  netiUiwar  or  curvillnoor,  and  whether  the  working  force  act  in 
tha  Una  of  motkm  or  at  an  angto  with  it^ 

If  the  velocity  of  a  inass  increases  from  v,  to  r,,  the  work  done 
upon  it  in  the  interval  ia  ini  {v^—v,');  in  oilier  worda,  b  tlie 
tneraaae  of  Imti'. 

On  the  other  hand,  if  a  force  acta  in  such  a  manner  as  to  Oppose 
tho  mntion  of  a  mo\-ing  mass,  the  force  will  do  negative  work,  tiie 
aiDoant  of  which  will  bo  equal  to  the  decrease  in  the  value  of  ^mv*. 

For  example,  during  any  portion  of  tiic  aucvnt  of  a  projectile,  tlie 
'Huiinntion  in  the  value  of  fmv*  is  equal  to  gm  multiplied  by  the 
twireaae  of  height;  and  during  any  portion  of  its  descent  the  incrcaHO 
in  fmt.'*  is  equal  to  gm  multiplied  by  tlie  decreaite  of  heiglit. 

The  work  which  must  have  been  done  upon  a  body  to  give  it  Ibt 
actual  motion,  supposing  it  to  have  been  initially  at  rmt,  i^  called 
tha  tnerg]/  of  mofwrn  or  the  kinftic  entrffy  of  the  body.  It  can  be 
aompttted  by  multiplying  half  the  mass  by  the  aqtiant  of  the  velocity. 

129.  DeflalUon  of  Btatie  or  Potential  Energy.— When  a  body  of 
maai  m  t*  at  a  height  8  above  tiie  ground,  which  wc  will  suppose 
bvsl,  gnvlty  is  rmdy  to  do  the  amount  of  work  rjmg  ujKin  it  by 
makfaig  it  fall  to  the  ground.  A  body  in  an  elevated  position  may 
tkernfore  be  regarded  a»  a  reai-rvoir  of  work.  In  like  manner  a 
wtmnd-up  clock,  whether  driven  by  weights  or  by  a  spring,  has 
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work  stored  ap  in  iL  In  ol)  tlicao  cmcs  there  is  force  between  parte 
of  a  i^tem  tending  to  produce  relative  motion,  and  tltero  is  roooi 
for  BUch  relative  motion  to  take  place.  There  in  force  ready  to  act. 
and  space  for  it  to  act  through.  Also  the  force  is  always  the  same 
in  the  same  relative  position  of  the  part«.  Such  a  ttysteni  possesses 
energy,  which  is  usually  called  potentiaL  Wu  prefer  to  call  it 
tUUical,  inasmucli  an  it«  amount  a  computed  on  statical  principles 
alone.'  Statical  energy  depends  jointly  on  mutual  force  and  rclatiw 
position.  \\a  amount  in  any  given  position  is  the  amount  of  work 
which  would  be  done  by  the  forces  of  the  system  in  pauing  from 
this  position  to  the  standard  position.  When  we  an  speaking  of 
the  energy  of  a  hvavy  body  in  an  vievatwl  position  above  level 
ground,  wc  naturally  adopt  as  tlie  standard  position  tliat  in  which 
the  body  is  lying  on  the  ground.  When  we  speak  of  the  energy  of 
a  wound-up  clock,  we  adopt  as  the  standard  position  that  in  which 
the  clock  has  completely  run  down.  Even  when  the  standard 
position  is  not  indicated,  wc  can  still  speak  definitely  of  the  dtflfei^ 
■Ace  betwcun  tliu  energies  of  two  given  positions  of  a  system;  just 
tm  we  can  ii]>cak  definitely  of  the  difloreno;  of  Icvol  of  two  given 
{winta  without  any  agreement  as  to  the  datum  from  which  levels 
are  to  be  reckoned. 

123.  Consenratien  of  HeclL&nical  Eser^. — When  a  frictionleM 
jsyntvm  is  so  oon.vtituted  tliat  it«  forces  arc  always  the  same  in  the 
samv  pottitions  of  tb«  system,  the  amount  of  work  done  by  these 
forces  dining  tbo  possag*;  from  one  poaition  A  to  another  position,^ta 
will  ba  Independent  of  the  [utth  pursued,  and  will  bo  itiual  to  mtnfll 
the  work  done  by  them  in  the  passage  from  B  to  A.  Tlie  oortli  and 
any  heavy  body  at  ita  surface  constitute  such  asysteoi;  the  force  of  the 
system  is  the  mutual  cavitation  of  these  two  bodies;  and  the  work 
done  by  this  mutual  gravitation,  whtn  the  body  ia  moved  by  any 
path  from  a  point  A  to  a  point  B,  is  vqual  to  the  weight  of  the  boilr 
multiplied  by  the  height  of  A  above  B.  When  the  system  jismes 
through  any  series  of  movements  beginning  with  a  given  position 
and  ending  with  the  same  position  again,  the  algebraic  total  of  worjc 
done  by  the  forces  of  the  system  in  this  series  of  movvmvut^  is  sera 
For  instance,  if  a  heavy  body  be  carried  by  a  rounitabout  path  hade 
t'j  the  point  from  whvnoe  it  started,  no  work  is  done  ujMjn  it  by 
gravity  upon  the  whole. 

ISvery  position  of  such  a  s^'su-m  tuis  thtmfore  a  definite  autount 

>  That  li  to  Mj,  Um  MnfMUttM  Isralrai  no  nfaroiM  W  tlis  Uw*  M  mtWi-ii 
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ft  Btstical  energy,  reckoowl  with  respect  to  an  srbitimiy  staadard 
bontion.  Tbe  work  done  by  the  forces  of  tlie  system  in  paasing 
Erum  one  poeitJoD  to  another  u  (\>y  dL-liiiition)  equal  to  tlie  loss  of 
■totk  energy;  but  this  I'mw  is  mtdt  up  by  au  equal  gain  of  kinetic 
uurgy.  Convoiwly  if  kin«tjc  eoer^gy  lit  Icat  in  pulsing  from  one 
poaitioa  to  another,  the  forces  do  negative  work  cc^ual  to  this  Ion, 
An)  an  etjua]  amount  of  atatic  energy  is  gained.  The  total  energy 
tif  tbe  sysUsn  (including  both  static  and  kinetic)  therefore  remains 
uultcred. 

An  approximation  to  such  a  state  of  things  in  exhibibwl  by  a 

fmlulunL     In  the  two  extreme  position;)  it  is  at  rest,  and  hait  thero- 

(wg  no  kinetic  energy;  but  it«  statical  energy  is  then  a  uytxiinum. 

li)  Ibe  lowest  position  it«  motion  is  most  rapid;  its  kinetic  energ)'  is 

'^Bnfore  a  maximum,  but  its  .Htaticol  energy  is  xero^    'Hie  difierenoe 

"f  tbe  statical  energies  of  any  two  positions,  will  be  the  weight  of 

flui  pendulum  multiplied  by  the  difierenoe  of  levels  of  its  centre  of 

%'ity,  and  tbi&  will  aleo  be  the  difference  (in  inverse  order)  between 

'^  kinetie  energies  of  the  pendulum  in  these  two  positions. 

Am  Uw  pendulum  is  cuntiuiially  setting  the  air  in  motion  and  thus 

axtemal  work,  it  gnulually  lonea  energy  and  at  lost  comes  to 

.  nnlen  it  be  supplied  with  eaergy  from  a  elock  or  some  other 

If  a  pendulum  oould  be  ftwung  in  a  perfect  vacuum,  with 

entb«  ahmnoe  of  friction,  it  would  loete  no  energy,  and  would 

vibrate  for  an  indeBnite  time  without  decrease  of  amplitude. 

!  1S4,  niastratioa  nrom  Pile-driving— An  excellent  illustration  of 

I        Uaasfonnation^  of  energy  is   furtii.sh(.-d   by  pile-driving.     A  large 

tiwa  1^  iron  called  a  mm  is  slowly  hauled  up  to  a  height  of  several 

I         Tudi  ibove  tlie  pile,  and  iis  then  allowed  to  foil  upon  it.    Buriog 

Itbs  SHsnt,  work  must  be  supplied  to  overcome  the  force  of  gravity; 
■B^  lUi  work  is  represented  by  the  statical  energy  of  Uio  ram  in  its 
l>%bMt  position.  While  falling,  it  contiinnilly  1om«  statical  ood 
piu  kinetic  ene:;gy;  the  antount  of  the  latter  wliich  it  possesses 
■"undbtely  before  the  blow  being  equal  to  the  work  whid)  has 
twidone  in  raibiQaf  it.  The  effect  of  the  blow  is  to  drive  the  pile 
wMigli  K  small  distance  against  a  resistance  very  much  greater  than 
**wiiyht  of  the  ram;  tlio  work  thus  done  being  nearly  equal  to 
'^WaleiMigy  which  the  ram  possessed  at  any  point  of  its  descent 
^*  Ky  iMoWy  equal,  because  a  portion  of  tlie  energy  of  the  blow  ts 
^■ot  a  producing  vibrations. 
US.  Hindrances   to  Availability    of   Energy, — There    is   almost 
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Klwnj!!  8om«  wost«  in  utilising  mergy.  When  water  turns  a  mill-l 
wheel,  ii  runs  away  from  tlio  whed  wtUi  a  velocity,  the  squ&rv  ot 
which  multiplied  by  Italf  the  miu»  of  tlie  water  represents  energy 
which  has  run  to  waste. 

Friction  again  often  eonBumes  a  lai^  amount  of  enerniy;  and  in 
ihia  case  we  cannot  (b«  in  the  pracodiug  one)  point  to  any  palpabl* 
motion  of  a  maw  as  rcprvsc-ntini:;  thu  lo.'si.  Heat,  howwcr,  ix  pro* 
duoed,  and  Uic  energy  whicix  Iww  diwippcarvd  aa  rcgnni.-il  from  a, 
groaa  medionical  ]ioint  of  view,  has  taken  a  molecular  form.  Heat 
is  a  form  of  molecular  energy;  and  we  know,  from  modem  re- 
searches, what  qaantity  of  heat  is  equivalent  to  a  given  amount  of 
mecluuucal  work.  In  the  steam-engine  we  have  the  converaoi; 
pcoooM;  moehaDJcal  work  is  dom;  by  means  of  heat,  and  lu-at  ia 
destroyed  Id  the  doing  of  it,  so  that  tlie  amount  of  Ikmii  giv<.-n  oiit 
by  the  ongino  la  Ices  than  the  amount  supplied  to  it 

The  adeDote  of  elv^ctricity  and  magtketiam  reveal  the  existence  ol 
othfir  forme  of  molecular  energy;  and  it  is  possible  in  many  ways  ta 
produce  one  form  of  eatxgy  at  the  expense  of  another;  but  in  even 
case  there  is  an  exact  equivalence  between  the  quantity  of.  one  kindj 
which  couics  into  existence  and  the  quantity  of  another  kind  wbi< 
aimultaneously  diatppeara.  Hiiice  tlie  problem  of  constructing 
self-driven  engine,  which  we  have  .six-n  to  be  impoMible  in  mechanti 
\a  equally  impossible  when  molecular  forma  of  energy  are  called 
the  inventor's  aid.  j 

Energy  may  be  transformed,  and  may  be  communicated  from  ooa 
system  to  anotlier;  but  it  otnnot  be  increased  or  diiuinish«d  in  tota 
amount.    Thb  great  natural  law  is  oallod  the  pniwipU  </  tf«  Mm 
tmrvativn  of  energy. 


CHAPTER   X. 


ELAsttarr. 


IM.  nutidty  and  its  Limits. — There  is  no  such  tJiing  t»  nature 
«  u  absolutely  r%id  body.  All  bodies  yield  more  or  less  to  the 
KtitB  of  (oro6;  and  tho  prioperty  in  virtue  of  whtcb  they  tend  to 
nentr  thoir  origioAl  form  and  dimcnKioDS  when  these  ere  forcibly 
dugtd,  ht  colled  tlaHicitif.  Most  solid  bodies  pOMCtui  almost  pcr- 
(MidHticity  for  small  deformations:  that  U  to  say,  when  <liKtortvd, 
(itttded,  or  compreased,  wiUiin  certain  small  limits,  they  will,  on 
1^  nxDoral  of  the  constraint  to  which  they  have  been  subjected, 
iwtiatly  regain  ahnotit  complotvly  their  original  form  and  dimen- 
nm  These  limits  (which  are  called  the  limits  of  elaatirjty)  aie 
ilttnul  for  different  mbstonces;  and  when  a  body  is  disto)t«d 
^Vod  these  Umit«,  it  takes  a  tet,  tho  lorm  to  wliich  it  returns 
U^  btennediote  betwoou  its  original  form  and  that  into  which  it 
•Hdktortod. 

Vhm  a  body  is  distorted  within  the  limits  of  it«  «l».sticity,  the 
f'W  with  which  it  reacts  is  directly  proportional  to  the  amount  of 
dirtMica.  For  example,  the  force  required  to  make  the  prongs  of 
a  tiriiig-fork  approach  each  other  by  a  tenth  of  an  inch,  is  double 
fil  tint  Riquijvil  to  produce  an  appiwu^  of  a  twentieth  of  an  inch; 
■■>'  if  a  ctiain  is  lengthened  a  twentieth  of  an  inch  by  a  weight  of 
1  twv,  it  will  be  lengthaned  a  tenth  of  an  inch  hy  a  weight  of  2 
^*t,  tbe  chain  being  supposed  to  be  strong  enough  to  experience  no 
P*nMMnt  set  from  this  greater  weight  Also,  within  the  limits  of 
■Mkjty,  equal  and  c^iposite  distortions,  if  small,  are  nesLited  l^ 
*94  reactions.  For  exantple,  tho  same  force  which  suffices  to 
vU  the  prongs  of  a  tuning-fork  ajipniacb  by  a  twentieth  of  an 
'Mil,  will,  if  iqipUed  in  tho  oppottite  direction,  make  them  Hoparute 
I7  tha  eatne  amount. 
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1S7.  iMobronism  of  Smtll  Vibrations. — An  important  conseqtienco^ 
of  these  lawa  is,  that  whon  a  body  received  a  slight  dlstortioD 
within  the  limits  of  its  elasticity,  the  vibimtiona  which  ensue  wbea 
the  constraint  is  removed  are  ieochronoua  Thia  foUowB  from  §  111, 
inasmuch  as  thu  aivclorations  are  proportional  to  the  forces,  and  are 
therefore  pn:ii><>rtiunnl  at  each  inntant  to  th«  dofonnntion  at  (half 
instant. 

12d.  Stress,  Strain,  and  Coefficients  of  Elasticity.— A  body  which^ 
like  indian-rubber,  can  be  subjected  to  largo  defomiatioiui  without 
receiving  a  permanent  set,  is  said  to  have  wide  limits  of  elasticity. 

A  body  which,  like  steel,  opposes  great  resistance  to  deformation, 
ia  mid  to  have  large  coefficients  of  elasticity. 

Any  diangc  in  the  shape  or  size  of  a  body  produced  by  the  appli- 
cation of  force  to  the  body  is  callod  a  strain;  and  an  action  uf  force 
tending  to  produce  a  strain  is  called  a  ttren. 

When  a  wire  of  cross-section  A  is  stretohed  with  a  force  F,  tht 

V 

longitudinal  stress  is  ^  i  ttus  being  the  intensity  of  force  per  unit: 

area  with  which  the  two  portions  of  the  wire  separated  by  any 
erOBB'Bection  are  pulling  each  other.  If  tho  length  of  the  wire  wbea 
unstressed  is  L  and  when  stnsssod  L  +  ^  the  longitii<linal  strain  is, 

^.  A  stress  Ls  always  expressed  in  units  of  force  per  unit  of  area. 
A  strain  is  always  expressed  as  tho  ratio  of  two  magnitudes  of  tbi( 
same  kind  (in  the  above  ozampio,  two  lengths),  and  is  therefonl 
independent  of  the  uoita  employed. 

The  quotient  of  a  BtrciS  by  the  strain  <of  a  given  kind)  which  H 
produces,  is  called  a  coei}Ki«nt  cur  modvlvft  of  etastidty.    In  the  above 

example,  the  quotient  -rj  is  called  Voun^s  vtodulu»  of  elastici^. 

As  tho  wire,  while  it  extends  lengthwise,  oontract«  laterally,  then, 
wUl  be  another  ooofficient  of  elasticity  obtained  by  dividing  tbs! 
longitudinal  stress  by  the  lateral  stnun. 

It  i-i  shown,  in  special  treatLBes,  that  a  solid  suhstance  may  have 
21  independent  coeffidenta  of  elasticity;  but  that  when  the  sul«tanca 
is  ieotrojnc,  that  b,  has  Uie  same  properties  in  all  directions,  (Jiei 
number  rcducwi  to  2.  J 

129.  Volumfr-clftHticity.— The  only  coefficient  of  olarticity  poaseaee^ 
by  liquids  and  gasc-H  U  elasticity  of  volume.  When  a  body  of  volmn*', 
V  IB  roduoed  by  the  appliealiun  of  nniform  nonual  prcwore  over  ft* 

whole  surface  to  volume  V  — v,  the  volume-ittroin  is  ^  and  if  thi* 
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•Act »  produocd  by  s  pnsteure  of  p  units  of  force  per  unit  of  area, 
Iht  tlutidtj  of  volutn«  i»  t)ic  quotient  of  the  stress  p  by  the  strain 

f,  fw  h  ^-    Tilts  is  &180  nailed   the  n!M'«fan«(!  to  a>mpreanon; 
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and  itt  nciprocal  -^  is  catled  the  asmpTTMihUUy  of  the  Bubstasce. 

In  dnling  with  gases,  p  must  be  understood  as  a  pressure  super- 
tiiaA  to  tho  originaJ  primuro  of  the  gas. 

SioM  a  stnun  is  a  mere  numerioal  quantity,  icdopcndont  of  units, 
ttuffiekitt  of  cliwtjcity  mttst  be  expressed,  like  a  stress,  in  units  of 
face  pur  unit  of  area.  Id  the  C.Q.S,  sjratcm,  stresses  and  cocfiidcnts 
ofdHtld^  are  expressed  in  dynes  per  square  centimetre.  The 
loUaving  are  approximate  values  (thus  expressed)  of  the  two  co- 
iffidcots  of  elaatjctty  above  defined: — 


Xamg* 

Huttdurot 

JtoMst, 

TalaoM. 

OrnVm, 

W«1C* 

WxlO" 

M 

sii>x  le" 

ISO  X 10" 

Im  (•mght), 

IWnlS* 

110  xlO* 

llWlnMI, 

nttiw 

SSixlO" 

ft»«. 

iao»i<r» 

WOxIO" 

fanor, 

Six  10* 

»««i 

SKin» 

ibiu. 

MhIO* 

130.  (Brvted'a  PieKcmeter. — The 
«aD|msdoa  of  liquids  has  been 
^imA  by  means  of  (Eisted's 
liinoawter,  wbicJi  U  represented 
in  Flf^  49.  Th«  liquid  w1k»o 
Moptaaion  is  to  be  observed  is 
miUiBd  in  a  gloss  venel  h, 
■wallbig  a  thermometer  with 
STtiy  luge  bull)  and  short  tube. 
Tb  iBbe  is  open  above,  and  a 
^^«  of  mercury  at  the  tap 
^lU  liquid  column  serves  u  an 
■AtL  This  apparatus  is  placed 
iatntiy  strong  glass  vessel  a  fall 
b'  titsr.  When  preisnre  is  exerted  by  means  of  the  piston  klh. 
^  Etxlex  of  mercury  is  seen  to  descend,  sliowing  a  diminution  of 
^^nat  of  the  liquid,  and  showing  moreover  that  this  diminution  of 
^dme  exceeds  thot  of  tlic  containing  veseel  6.     It  might  at  first 
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sight  appear  ihat  aince  this  vessel  is  subjected  to  equal  presi 
wmiin  and  without,  its  volume  is  unchanged;  but  in  fact, 
volume  is  altered  to  the  same  extent  as  that  of  a  solid  vessel  of 
same  material;  for  the  interior  shells  would  react  with  a  fi 
precisely  equivalent  to  that  which  is  exerted  by  the  oontai 
liquid. 


CUAPTER   Xr. 


rRK.TION. 


181.  FrJetloD,  Einetioal  asd  Statical.— Wh«n  two  bodies  arc  prcswO 

b^lher  in  sucli  a  uanuer  that  tlic  dtrecUou  of  their  aiutual  prtKS.Htiix! 

M  not  uoroial  to  the  eiurt'ace  of  contact,  tho  prewure  can  be  rcs^lwd 

ito  two  parts,  ooe  nonnal  and  the  other  tangential.     Tlie  tangential 

it  is  called  tho  Jorat  of  friction  between  the  two  bodies. 

frictiuD  is  called  kinetiiuU  or  statuxd  according  as  the  bodies 

■(^  cf  are  not  sliding  on«  upon  the  other. 

-Aa  ragtrdtt  kinetical  {rictioit,  experiin«ot  shows  that  if  the  normal 
I*^«8in«  bstwecn  two  giTen  suifaoea  be  changed,  the  tangential  force 
'^'^*«gefl  almottt  exactly  in  the  same  proportion;  in  other  worda,  the 
^tiu  of  the  force  of  friction  to  the  normal  prasHUre  \a  nearly  oonstiuit 
'"*•  two  given  surfaces.  This  iatii>  is  called  the  coe^ciffnt  of  Hnctitxil 
r^<:iioii  between  the  two  surfaces,  and  is  nearly  independent  of  the 

^K  ISA.  Statical  Trictioa.  Limitiiig  Angle. — It  is  obvious  that  the 
*^*^%ical  friction  between  two  given  surfaces  is  »ro  when  tlicir  mutual 
l^^^mre  is  normal,  and  inereaaea  with  Uie  obliquity  of  the  prt^ssuro 
'  the  normal  component  be  preserved  constant.  Tho  obliquity, 
''^^'^'Qver,  cannot  increase  beyond  a  certain  limit,  depending  on  tlie 
"^^uTi'  of  the  bodies,  and  seldcnn  amounting  to  so  much  as  4^*.  Ue- 
yrwiji]  ^g  Ujitit  sliding  takes  placa  The  limiting  obliquity,  tliat  i», 
''^^  gnatest  angle  that  the  mutual  force  can  make  with  the  normal, 
**  vailed  the  limUing  awjlc  of  ftidwti  for  tho  two  suri'accs;  and 
''Ma  ratio  of  the  tangential  to  the  normal  component  wlicn  tlie 
"^Ulnal  fgrco  acts  at  the  limiting  angle,  is  called  the  coejficitmt  of 
'^<*Heat  fruiion  for  the  two  surfaces.  The  coefficient  and  limiting 
^'igle  remain  nearly  constant  when  the  normal  force  is  varied. 
Tho  coefficient  of  statical  friction  is  in  almost  uverj-  case  greater 
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than  the  coefScient  of  Idnetical  Miction;  in  other  words,  friction 
offets  more  resistance  to  the  commencement  of  sliding  than  to  the 
continuance  of  it. 

A  body  which  has  small  coefficients  of  Motion  with  other  bodies 
is  called  slippery. 

138.  CoeffloieDt=tan  9.  Inolined  Plane. — If  9  be  the  inclination 
of  the  mutual  force  F  to  the  common  normal,  the  tangential  com- 
ponent will  be  F  sin  0,  the  normal  component  P  cos  S,  and  the  ratio 
of  the  former  to  the  latter  will  be  tan  0.  Hence  the  coeffici&nt  of 
fAatical  friction  ie  equal  to  the  tangent  of  the  limiting  angle  of 
friction. 

When  a  heavy  body  rests  on  an  inclined  plane,  the  mutual  pressure 
is  vertical,  and  the  angle  9  is  the  same  aa  the  inclination  of  the 
plane.  Hence  if  an  inclined  plane  is  gradually  tilted  till  a  body 
lying  on  it  slides  under  the  action  of  gra\'ity,  the  inclination  of  the 
plane  at  which  sliding  begins  is  the  limiting  angle  of  friction 
between  the  body  and  the  plane,  and  the  tangent  of  this  angle  is  Hie 
coefficient  of  statical  friction. 

Again,  if  the  inclination  of  a  plane  be  such  that  the  motion  of  a 
body  sliding  down  it  under  the  action  of  gravity  is  neither  accelerated 
nor  retarded,  the  tangent  of  this  inclination  will  be  the  coefficient 
of  kinetical  friction. 
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134.  Hydrodynamics. — We  aball  now  trmt  nf  the  Iavts  of  force  as 
•fpUid  to  flnids.  This  brand)  of  the  general  sdeaoe  of  dynamics  h 
9liti  kydrodynamiea  (Uiup,  water),  and  b  diviilt-il  into  kydro»ltiiiea 

1        tod  hfbvkmtticB.    Our  discuMions  will  be  almost  entirely  confined 

H    iv  hjnlnwtutua. 


rUItUB.— T11A.N!U1IS»I0N   OP  PBnBDHBL 
Ttw  nMMjhiid  oamfrntianib  bMb  tl(|uid>  tod  s»ea. 


m.  No  Sutioal  rriction  in  Fluids. — A  llnid  at  r«8t  cannot  oxcrt 
*"/ lugoDttal  force  against  a  surface  in  contact  with  it;  its  pnxsuro 
*t  vmy  point  of  aach  a  surface  is  entii-cly  nomuvl.  A  nlight  tangen- 
'*>'  (nrce  is  exerted  hy  fluids  in  uiotioni  and  this  fact  is  expressed 
"T  Mjing  that  all  fluids  are  more  or  low  PMootui.  An  imaginary 
PVftet  Aoid  woukl  be  pcrft-ctly  free  from  viscoflity;  ita  prcesun* 
^ffUut  any  sarCaca  would  \x  entinily  normal,  whether  thv  fluid 
Irg  in  motion  or  at  re«tv 

IW,  Inteiulty  of  Preaaare. — When  pressure  is  tiniform  over  an 

**^  thv  U'Uil  amount  of  Uie  pressure,  divided  by  the  area,  is  called 

"*•  inUtiMly  of  the  pruaure.    The  CQ£.  unit  of  intensity  of 

P^aon  i»  a  pressure  of  a  iiyn«  <m  eaek  agtmre  centimetre  of  sur- 

'^Bk'    A  rough  unit  of  intensity  frequently  used  is  the  pressure  of 

*  tKiund  per  square  inch.    This  unit  varies  with  the  intensity  of 

S*%vitT,  and  has  an  avi-ragc  value  of  about  6!>,000  C.O.S.  units. 

^utbor  rough  unit  of  iut«n)uty  of  pressure  frequently  employed  is 

"  U  atmo^ihoro  " — Uiat  is  to  aay.  the  average  intensity  of  pressure 

o(  tlie  atmosphere  at  the  suttee  of  the  eartJi.    This  is  about 

lOOOMXI  Ca.a  nnit*. 
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The  single  word  "  preaeure  "  b  us«(l  somctiiueit  to  d«not<  "  Atnuunt 
of  pmsHUro"  (which  can  be  «X]>ri.tacd  in  (]yae»)  uid  MtnetitneK 
"  iiiti>n«)ly  of  pri'S^urtt"  (which  cnit  bu  exprtiwod  ia  dynes  p«r  »<)uare 
ovntiiuvtrc).  The  context  uHiiAlly  serves  to  show  which  of  these 
two  meouifigs  ia  intended. 

137.  Pressure  the  Same  in  oil  Directions. — The  intensity  of  pressure 
at  aay  point  of  a  Huid  is  tho  same  in  all  directions;  it  is  Uiv  »ain« 
whether  tlio  Kurfaoo  whicli  ri-ccivca  the  prcssuru  faoOB  upwonb, 
downwards,  Itorizontnlly,  or  obliquely. 

This  equality  ia  a  direct  consequence  of  the  ab»cooo  of  tangential 
force  betWMa  two  contiguous  portions  of  a  fluid. 

For  in  order  that  a  small  tnanguUtr  pmm  of  the  fluid  (ita  endn 
being  right  sections)  tn^y  be  in  e<)uiIibriuRi,  the  preaaures  on  it« 
three  faces  must  balfuico  each  other.  But  when  three  forces  balance 
each  other,  thoy  are  proportional  to  the  sides  of  a  triangle  to  which 
thsy  are  perpendicular;'  hence  the  amount/f  of  pressure  on  the 
thtvo  EliiCCS  aiO  proportional  to  the  i&ixi.  in  other  words  the  inUm- 
aities  of  these  three  pressures  are  equal.  An  we  can  take  two  of 
tliQ  faces  perpendicular  to  any  two  given  directional,  tliis  proves  that 
tiie  preaaures  in  all  directions  at  a  point  are  of  equal  intensity. 

138.  Piessoru  tbo  Same  at  the  Same  L«t«L — 
In  a  Quid  at  rest,  the  prosnuro  is  the  sama 
at  all  points  in  the  sauio  horizontal  plauv. 
This  appuir»  from  considering  the  equilibrium 
of  a  horixontal  cylinder  AB  (FSg.  50),  of  sntoll 
Koctional  area,  its  ends  being  right  scctioux.  _ 
llie  prewiur«a  on  the  sides  are  normal,  and  I 
therefore  give  no  component  in  the  dir«ctiaa 
of  tlie  length;  hence  the  pressures  on  Um 
ends  must  bo  equal  in  amount;  but  they  act  on  equal  areas;  thera- 
fore  Uieir  intensities  are  equal. 

A  horizontal  surface  in  a  liquid  at  rest  may  therefore  be  called  a 
'surface  of  equal  prcmuro." 

139.  DiOerence  of  Pressure  at  Different  Lerels. — The  incn-uute  of 
pressure  witU  depth,  in  a  fluid  of  unifonn  dotiHity,  can  bo  iuvesU- 
gated  as  follows: — Cuiu>idor  the  equilibrium  of  a  vertical  qrUndar 
mm'  (Fig.  61),  its  ends  being  right  sections.    The  preasuns  on  iU 

'Ait  Uu  obvioua  ouiwf  uonM  at  tli«  tfikngU  ot  (arm  (Mt.  II):  tor  U  thadilv  of 
•  liiMSk  MS  pamllol  to  tlwM  toica^  <ra  bar*  ou}y  to  tuni  tbe  ttiuigU  tWough  •  right 
•B|l^  uid  itt  tUm  will  tkM  1m  |«cp«Bdkulu  U>  tb«  fuicn. 
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I  an  Domi*!.  and  Uiisrcforft  horizontal.  The  only  vfrtJcnl  forces 
Kting  upon  it  iir«  Itw  own  weight  and  the  pre-tsiirea  on  its  ends,  of 
which  it  U  to  bo  observed  tluit  Uw  pressure 
in  the  npper  end  uci»  downwanLt  and  that 
OB  the  lower  end  iipwaxdi,  Hk-  iirx^isKro  on 
IIm  lower  end  therefore  exceeds  that  on  the 

Bpptr  end  by  au  amount  equal  to  the  weiL,'ht 

»t  the  ^lindtT,     If  u  be  the  sectional  area,  to 

(kn  weight  of  unit  volume  of  the  liquid,  and 

h  Uw  length  of  the  cyliixli.'^r.  the  volumi^  of 

On  e^Under  ie  ka,  anil  it«  wcij;ht  wha,  whicl> 

BRMt  be  equal  to  (p-p)  a  if  p.p'  are  the  intensities  of  iin.«:(ure  on 
*4e  lower  and  upper  ends  respectively.     We  liavc  Uien'fore 

^f*mX  h.  th*  inereaso  of  pr«tm.rt  in  dencending  through  a  depth  h 
ie  uA. 

Ilie  principles  of  this  and  the  preceding  3ecti<ai  finain  appli- 

■V>l«  whatever  bo  the  ishupe  of  the  containing  vesseK  even  if  it  be 
••  to  nuulor  a  circuitouH  rout«  necessary'  in  passing  from  one 
'^r  two  point*  compared  to  tliu  otlior;  for  this  route  can  always  bo 
"^Ade  to  eonriat  of  a  succcnion  nf  vertical  and  horiTOntol  linw.  and 
**>•  |)t«ceding  prindpleM  when  applied  to  each  of  these  lines  «u]i«r- 
^UU^r,  will  give  as  the  final  result  a  iLillo-rence  of  pnwAure  wk  for  a 
Wenoe  of  heights  h, 

tf  it  denote  the  density  of  the  liqnid,  hi  fp^auiux-it  per  etiK  an.,  the 
*ei(fht  of  a  cubic  cm,  will  be  <fd  dynea  The  increase  of  pre*tMure 
for  u  ineresne  of  depth  h  cm,  is  therefore  glid  dynes  per  sq.  cm. 
If  then  b«  oo  pressure  at  the  surface  of  the  liquid,  this  will  be  the 
kc^ual  pnnsure  at  the  depth  It. 

140.  Free  Sarfaoe. — It  follows  from  thrae  principles  that  the  free 

*sHan  of  a  liqui<I  at  rest— that  iK,  the 

Msrfwn  io  contact  with  the  atinn^pherc 

"^utut  bo  horizontal;  since  all  pointa  in 

>««  ■iirfw;r  BFe  at  the  same  prewure.     If 

***  inufww  Were  not  hurizunial,  but  were 

^Ittr  ai  »  than  at  n'  (Fig.  fiS),  the  pres- 

iDw  U  the  two  points  m.  m'  vertically 

Wath   them   in  any  hori»>ntal    plane 

ifi  would   be  unequal,  for   they   would   be  due   to  the   weights 
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of  tuK'^iunJ  columiu  nm,  w'm',  and  motion  would  eosiM 
towanlA  ni. 

The  saine  ooncluiiion  can  be  deduoeil  from  oonudering  th«  «<iuUi- 
briuin  of  a  particle  at  the  aurfara,  as  Ikl  (Fig.  58).  If  the  taugeni 
pl&ne  oi  M  were  not  borizftntal  Uiere  would  be  a  component  of 

gravity  tending  to  make  the  particle 
slide  down;  and  this  teodeooy  would 
produce  motion,  since  there  ia  do  fric- 
tion to  ojiposo  it 

141.  Tr«DunUsiblUt7  of  Preunre  in 
Fluidft.— Sinco  tJie  ditr<.^reiicv  of  tl>e 
prMMurcn  at  two  points  in  a  fluid  can 
be  determined  by  the  foregoing  prin- 
dplee,  independently  of  any  knowIe>lge  of  the  absolute  intenxi^ 
of  either,  it  follows  that  when  increase  or  diminution  of  pree- 
lur«  occurs  at  odd  point,  an  equal  increase  or  diminution  must 
occur  throughout  the  whole  ttnitl.  A  jluid  in  a  dosed  vrjtuel 
ptrfecdif  tranamHa  througk  ib  wfiolt  uulMitmt^a  wkatevtr  pravntrt 
MM  appiff  to  any  p<trt-  Tho  dianges  in  avumnt  of  pnuwun:  will  bt 
equal  for  all  equal  areox.  For  unoqual  areaa  they  will  be  propor- 
tional  to  the  areaa. 

Thus  if  tJie  two  vertical  tubes  in  Fig.  Si  bare  sectioaal  areaa 
which  are  as  1  to  16.  a  weight  of  1  kilo- 
gram acting  on  the  surface  of  the  liquid 
in  the  smaller  tube  will  be  balanced  bgr 
16  kilograms  acting  on  the  cuifaoo  of  tho 
liipiid  tu  the  larger. 

Thill  principle  of  the  perfect  tnuwoiia- 
si.>ii  i}(  1.11-1111;  by  fluids  appears  to  hava 
I'l'ti  tii-.t  •ii-.ravered  and  published  hf 
Stevinus;  but  it  waa  rediscovered  by 
Pascal  a  few  yean  later,  and  having  been 
made  gi-ncmlly  known  by  his  writings  is 
uft^m  called  "  ToMal's  principle."  In  his 
celobrau-d  troatiiteon  thu  KiptUibnum  t>/ 
lAqtUdt,  he  says,  "  If  a  vegisel  full  of  water,  clusvd  on  all  Miden.  has 
two  openings,  the  one  a  hundred  times  as  large  as  the  other,  and  if 
uaeb  bo  supplied  with  a  pLnton  whieh  fita  exactly,  a  man  putdiing 
the  small  piston  will  exert  a  force  which  will  G()uilibrate  tiiat  of  a 
hundred  men  pusliing  the  piston  wlitcb  is  a  hundred  timea  aa  large. 
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^  And  will  overcome  that  of  ninety-nine  And  whatever  may  be  Um 
pK^xirtioii  of  the«e  openiogs,  if  the  forces  «pi)licii  to  the  pistons  fti« 
to  eacli  aihet  as  the  openiDjgs,  they  will  be  in  equilibrium." 

142.  Hydraulic  Press. — This  mode  of  multiplying  force  ramained 

^for»  l>iDg  time  pnicticoily  uoavailaUe  on  account  of  Uie  dltHcuity 

^■pf  malcing  th«  pUtom  water-tight    The  hydraulic  press  waa  first 

^BDOOOMfully  made  by  Bmiudi.  who  invont^rd  the  cupfnid  leather  collar 

VUloatnted  In  FJg.  166,  §  Sfi-k     Fig.  105  shows  tJic  an-aDgementa  of 

the  pctM  is  a  whole.    Instead  of  pistoiu,  j^uvgen  are  employed; 

th*t  ia  to  aay,  aolid  cylinders  of  uietal  which  can  bo  pushed  down 

into  tJie  liquid,  or  can  be  pushed  up  by  the  pressure  of  tlic  liquid 

■gkioitt  their  bwefc.    The  volume  of  liquid  displaced  by  the  advance 

of  ft  pltuiger  is  evidently  t-qunl  to  tbat  displaced  by  a  piston  of  tJie 

■am*  Mettooal  area,  and  the  above  calculations  for  ptstoufi  apply  to 

plungera  as  well.    Tlie  plungers  work  through  openings  whicJi  are 

kept  pvactieally  water-tight  by  means  of  the  cup-li-athor  an-aoge* 

uMtit     The  cup-leathvr,  which  is  shown  both  in  plan  and  seciioa 

in  Fig.  KM,  comusto  of  a  leather  ring  bent  so  as  to  have  a  semi* 

circular  section.     It  ia  fitted  into  a  hollow  in  the  interior  of  the 

aidoi  of  the  opening,  no  thai  water  leaking  up  along  the  circumfer- 

of  tJte  plunger  will  till  the  concav.ty  of  tlie  leather,  and,  by 

oo  it,  will  produce  a  packing  which  fit«  more  tightly  as  the 

IRMmre  on  the  plunger  incrcasot. 

149.  Principle  of  Work  Applicable. — In  Fig.  54,  when  the  smaller 

fHlOQ  advances  and  forces  the  other  hack,  the   voliiiuu  of  liquid 

^H    <UTin  out  of  the  smaller  tube  is  equal  to  tlio  iK-ctional  area  multi* 

^P    |ii(d  by  tbe  dijftance  throuj;;h  which  the  piston  advauc(.-8.    In  like 

Bsnur,  the  volume  of  liqtiid  dnvcii  into  t]tc  larger  tube  is  t^Hjual  to 

itiwctioftal  area  niulttplit^  by  tbe  distance  tiuit  \\a  pLttou  ia  forced 

WAl    But  th«Mi  two  volumes  are  equal,  since  the  same  volume  of 

%lil  that  leaves  one  tube  enters  the  other.     The  dintances  through 

*^  tbe  two  pistons  move  are  therefore  inversely  as  their  sectional 

I  ■«••.  umI  bence  are  inversely  as  the  amounts  of  pressure  applied 

^H     l^tknin.    The  toork  done  in  pushing  forward  tho  Knialler  piston  is 

^^    ^'nton  equal  to  tliu  work  done  by  the  liquid  in  puidiing  Iwck  the 

li  '*tfit.    Tbii)  was  roNiarked  by  Pascal,  who  says — 

^m     *U  is,  beaidaa,  wortJiy  of  admiration  that  in  this  new  machine 

^r   *t  tnd  thai  ooBstont  rule  which  is  met  with  in  all  the  old  outs 

B     "Kit  ai  th«  lover,  wheel  and  axle,  screw,  Su:.,  whidi  is  that  Uie 

[        &taattt  in  incraaaed  in  proportion  to  the  force;  for  it  is  evident  that 
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la  one  of  tlieae  openings  is  a  hundred  times  as  large  as  thfi  othor,  if 
th«  man  who  pu^es  the  Biuall  piston  drives  it  forward  one  inch,  he 
vill  drive  the  large  piston  hockwArd  only  one-hundredth  part  of 
that  length." 

144.  Expehmeat  on   Upvard    Pre«ure. — -The  upward    pr«mtRfl 
^^  exerted    I^   a    litjuid    against    a 

y'  p-  t1  horizontal    anrface   facing  down- 

^^^.^        \ wards  can  be  exhibited  by  the 

^ '       '' *  foUowinf!;  experiment.  Take  a  tube 

open  at  both  enda  (Fif^.  55),  and 
keeping  the  lower  ond  covcrf<d 
will)  a  piece  of  card,  plunge  it  into 
water.  The  li({iiid  will  prei»  the 
card  against  the  bottom  of  the 
tnbe  with  a  force  which  increasta 
as  it  is  plun£;vd  deeper.  If  waCer 
bo  now  poured  into  the  tube,  the 
card  will  retnain  in  ita  plaoa  as 
long  as  the  level  of  the  licjuid  Is 
lower  within  the  tube  tlian  witli- 
out;  bat  at  the  moment  when 
equality  of  levels  is  attained  it 
will  become  detached 

145.  Liquids  in  Sapcrposltion.— When  one  litjuid  resta  on  Uie  top 
of  another  of  dilR-rcnt  di'iutty,  the  foregoing  principles  Inad  to  tlw 
rcNult  that  the  surface  of  demarcation  must  be  borizoutaJ.  For  tha 
free  surface  of  the  upper  liquid  must,  as  we  have  seen, be  h<n-ieontaL 
If  now  we  take  two  small  equal  areas  n  and  n'  (Fig.  fiti)  in  a 
Iwrizontal  layer  of  the  lower   liquid,  they   must  be  subjected   to 

equal  pressures.     But  these  pruemirea  are 

measured   \tj  the  weighta  of  tlie  li<|uid 

cylinders  ■nrs,  n'tl;  and  theete  latter  cannot 

be  equal  unless  the  points  r  and  t  at  thr 

junction  of  the  two  liquids  are  at  the  immt 

leveL    All  points  in  the  surface  of  d<'marGa- 

tion  are  therefore  io  the  same  borixMJtal 

plaoo. 

The  sane  teasDning  can  be  extended  downwards  to  any  nnml 

liquids  of  unequal  densities,  which  r«»t  one  upon  another,  and 

that  all  the  surfaces  of  demarcation  between  them  must  be  horixontal. 


n|.tS — VpnnI 


r^  A 


I  •(  iuT> 


'uM  Bldntnk. 


tW  LigtriDs  IN  SDPSBPOiirnoii.  89 

An  ^xfMirinient  in  UIufitnLtioa  of  Ihis  reoult  is  repirsented  in  Fig. 
7.    Morturj',  water,  and  oil  are  pnitnxl  into  a  gljiss  jar.    Th« 
■iMKarjr,  being  the  heaviest,  goes  to 
tlM  bottom;  the  oil,  being  the  light«At. 
floatn  at  tbe  tap;  and  the  mirfuct-s  of 
noiact  of  tbe  liqaids  are  seen  to  be 
WitontaL 

Evm  when  liquids  are  employed  whidi 
gndtially  mix    with  one    anoUier,  as 
Titer  and  aloobol,  or  fresh  water  and 
«ll  water,  so  that  there  is  no  definite 
^aUee  uf  demarcation,  but  a  gradual 
laenuo  of  density  with  depth,  it  still 
"Mains  true  tliat   thv   density   at   nil 
potnis  ia  a  borizootal  piano  is  tlie  luunc 
IM.  Two  Liquids    Id    Bent   Tube,— 
If  We  [KMir  mercury  into  a  hont   tuU-  ""'■'' 

np»ai  at  both  ends  (Fig.  58),  and  then  [lOur  waUT  int^i  one  of 
tbe  anas,  tbe  heights  of  the  two  liquids  above  tlii'  nurfRoo  of  junvtioii 
*>!!  be  Tery  unequal, 
■•  ahown  in  tbe  figoro. 
"Hio  genaral  rule  for  the 
•quihTiriuin  of  any  two 
U*lQids  in  thpM  eircum* 
*UtMaa  is  that  Oietr 
^''igliU  abovt  the  aur/ace 
"/  juntium  must  be  »n- 
^rWy  as  their  tUtksitie*. 
«l»»oe  they  correspond  to 
•xiual  prawonw: 

147.  Experiment    of 

P»s«rs  Vases-  *^'"'- 

tb»*  BBiount  of  I 

"O  ■  bomontal  art-a  A 

^  tliedeptb  k  ina  liquid 

^  vAA,  where  w  dc-nutes 

Aftwriehtofuoitvolunie        Fw.«.-«»iffli>rtwi»fT»or-M.i«c..  -i 

01  the  U«|uid,  it  fullon-s 

^  tbs  premre  on  liie  Imtt'ini  of  a  vessel  containing  liquid  is  not 

■ftetad  by  the  brvodth  or  uairownms  of  tlie  upper  part  of  tlie 
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vessel,  [ooTided  Uie  height  of  the  free  surface  of  Uie  liquid  be  gi\-en. 
PiMcal  verified  tbui  fact  by  an  experiment  which  is  frequently  ex- 
hibited in  courses  of  phyBics.  The  apparatus  employed  (Fig.  oD)  ia 
a  tripod  HU|>portiDg  a  ring,  into  which  can  be  screwed  tliieo  vmads 
of  ditfcrunt  sliapes,  one  widuucd  upwsrdu,  aoothur  cylindrical,  vtd 
the  third  tapering  upwanlii.     Beiiuith  the  ring  ia  a  movable  di^c 
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supported  by  a  striiijif  attacliixl  to  ODo  of  the  scales  of  a  balanoei. 
Weight  aru  placed  in  the  other  scale  in  order  to  keep  the  diae 
pnvwMl  uf^ainst  the  ring.  Iaa  the  <7lindrieal  vase  bo  mounted  on 
the  tripod,  aiid  Riled  up  willi  water  to  such  a  level  that  the  prentirv 
la  ju»t  BulBcient  to  detaeh  the  disc  from  tlio  ring.  An  in<licat«r, 
abown  in  tlie  figure,  is  used  to  mark  tJie  level  at  which  thbt  takaa 
plao&  Let  the  experiuoat  be  now  repeated  with  the  two  other 
\-aaes,  and  the  disc  will  be  detAched  when  the  water  haa  reached  the 
same  level  as  before. 

Id  tlie  cone  of  the  cylindrical  veotiel,  the  pruwure  on  the  bottom 
ia  evidently  equal  to  tlio  weight  of  tlie  liquid.     Hence  in  all  three 
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the  pr«Hsure  oa  Ui«  bottom  of  tliu  vcmei  is  equal  to  the  w«i>>lit 
•  cylindrical  column  of  the  liquid,  liaving  thu  bottom  as  ita  ba<te, 
Mwl  having  tlie  same  height  as  the  litiuid  in  tlic  veosol. 

148.  Resultant  Prassnre  on  Vessel.— 'Ilie  ]irm.-<uri>  i^^xi-rti'd  by  the 
■Ctom  d(  tlui  viwwl  upon  tlic  staud  oo  whicJk  it  rrnU,  niii.si.stA  of  thv 
eight  of  tl)«  \-eHiel  it«clf,  together  with  the  resultant  premure  of 
ecmtained  liquid  against  it.  The  nctiial  prwmire  of  tlie  liquid 
any  portion  of  the  venae)  Is  normal 
to  this  portion,  and  if  we  resolve  it  into  two 
oompoDcnts,  on«  vertical  sod  the  other  hori- 
toatai,  only  tlio  vurticul  couiponi-iit  noed  bo 
attended  to,  bl  computing  thu  rt-sultnnt; 
for  tho  borisoQtol  ooinpODvntM  will  always 
^flcatrojr  ana  auQtber.  At  »uc)i  poinUt  sm 
■h'  (Fig.  60)  the  x'ertjcal  component  is 
downwards:  at  a  and  s  it  is  upwards;  at 
r  and  r  Umjiw  is  no  vertical  component; 
and  mb  AB  tha  whole  prossure  is  vertical. 
It  cao  bt  dsmoostrmted  loatliomiUically  Uiat 

Uie  ramltaot  pveaiture  is  always  eiiunl  to  tli»  total  weight  of  the 
ooataioed  liquid;  a  ci>nclusiun  wUivli  can  also  bu  iloduccd  from  the 
cuaiidefstion  that  the  pressure  exerled  by  ttii^  vcmwl  ii|>uti  the  stsmd 
mi  which  it  rests  must  be  equal  to  its  own  weight  togetlier  with 
tiitiot  it«  contents. 

Sane  cases  in  which  the  proof  above  indicated  becomeci  especially 
obriona,  am  rL-pri»i-ntod  in 
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Ft;.  HI.  In  thii  i^-liadnciU 
tnsci  AB)>C,  it  is  evident 
tliU  thu  unly  pressure  trans- 
OitM  to  the  stand  is  that 
*=*<q1td  upon  the  bottom, 
*bith  b  equal  to  tlie  weight      1 — 

tlM  liquid.    In  the  case     -*■ 

'   the  vassel  which  is  wider 

Iho  top,  the  stand  is  subjected  to  the  weight  of  the  liquid  column 

'  '^^K,  which  presses  ou  the  bottom  A£.  to^uthiT  with  the  coluuinr' 

'  'HKC,  RLDS.  pressing  on  GH  and  BL;  the  sum  of  wlii<rh  wtights 

I  the  total  w<?ight  of  liquiil  contained  in  tho  vessel.    Finally, 

.  ease,  tlie  pruwurv  ou  tho  bottom  Mi.  whidi  is  equal  to 

tteweigfit  of  a  liquid  column  AB-SK,  must  be  diminished  by  the 
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upvranl  pressurm  on  HG  luid  RT^  Hiese  lurt  bein|c  repreaeut^d  by 
liquid  coIun]ii.t  HQCK,  KI^D,  there  li  only  left  to  be  tranamiUed  to 
the  stand  ft  pressure  equal  to  the  weig|ht  of  tlie  water  in  the  vesseL 
149.  Back  Preuurs  in  Dischar^n^  TmmbL — The  saaii.-  anatjsia 
which  shows  that  tlio  r«sultaut  vortical  pressure  of  a  Iiqin<l  a^nunflt 
the  containlnji;  vessel  is  eqiial  to  the  weight  of  tlio  liquid,  aliowa  abo 
tJiat  thiT  horixontal  oompononb)  of  the  preesures  daitroy  one  another. 
Tliis  ooiiciuifion  is  in  aocordftiioe  with  everyday  experience.  Uow- 
ever  auscwptible  a  vessel  may  be  of  horizontal  displa«etDent.  it  ia 
not  found  to  acquiro  any  tundoncy  to  liurizontal  motion  by  being 
filled  with  a  liquid. 

Wlion  A  »y8t«ni  of  forces  are  in  equilibritim,  tlic  rutnoval  of  one 
of  them  destroys  tlio  equilibrium,  ami  cauMS  the  resultant  of  lite 
.tyttt^-m  to  be  a  force  equal  and  opposite  to  the  force  reuiovod. 
Accordingly  if  we  remove  an  element  of  one  aide  of  the  containing 
vesael,  tca\in^'  a  hole  through  which  tht  liquid  can  flow  oat,  the 
remaining  prc-axura  against  this  side  will  be  inr-ulTiciciit  to  preserve 
t>quilibriiun.  and  tli«rc  will  Im>  lui  oxccsk  of  pressure  in  the  oppoeJt« 
flircction. 
This  conclusion  can  be  directly  verified  by  the  ex[ieriment  repre- 
sented in  Fig.  62.  A  tall  floating 
ven^el  of  water  is  fitted  with  a  hori- 
jKintol  dischar^o-pipo  on  one  side  near 
its  base.  The  vessel  ia  to  be  ftUed 
with  wat«r.  and  tlie  dischar^-pipe 
opened  while  Uio  renel  b  at  rest.  As 
the  water  flows  out,  the  vemel  will  be 
ob(»erved  to  acquire  a  velocity,  at  fint 
very  slow,  but  continually  iucreaaiug, 
in  tlie  opposite  direction  to  that  of 
the  issuing  stream. 

Thiit  experiment  may  also  be  i«- 
garded  as  an  illu.it  rat  ion  of  tl>e  law 
of  action  and  reaction,  which  amort« 
that  momentum  cannot  be  itn)'arU)d 
to  any  body  witJtout  equal  and  upfKnite  momentiuo  being  iuiparted 
to  some  oUier  body.  The  water  in  escaping  from  the  veoael 
ncquimi  horizontal  momentum  in  one  diroction,  and  tlic  vwsel  with 
rbi  remainint;  contvnta  acqoirea  horizontal  inomentuiu  in  the opponte 
ilirecttun. 
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expennivnt 
■uarked  affeoU  of  tlw  aamc  kind  c&a  be  ubtained  hy  me&iu  of  tbe 

i hydraulic    Iwuni- 
Iqurt   (Pis.  tf3). 
irhich  when  made 
On  ft  t&rjtvr  scala 
1b  cftllMl  Bftrkur'H 
will.  Itoofwbuof 
ft  VCMBOI  uf  Wftt«r 
trH    to    rotftt« 
■Wt  ft  vertical 
ftIi^  oik)  hftviitg 
ftt  lU  lower  end 
I        bent  urns  through 
H   wbidi  th«  wftUrr 
^^    adiMchar^l  hori- 
contally,   tltc 
dinetJan  of  (Iih- 
chirge    buio^ 
I         aaiiy   ftt     rijifht 
B   ugla  to  ft  Una 
■   jcaing  tbe    dis- 
I    vliitei^i  ocifico  to 

^^  uk    The  tinbftlftneod    proKMiinM   ftl  tho    bunds  of   Uie   tubv, 
*f^nle  to  tlto  open>0(^,  cftu.su  iJic  ftpparaUts  to  r«volvo  in  Ibu 
r        "Ipoate  directiuQ  to  tbe  iwuing  tiijuid. 

H      in,  Total  and   Resultant  Piessurea.    Geatre   of  Pressare. — The 

^    ulautj  of  pressure  on  &□  ai«a  which  is  not  horizonUtl  is  greatest 

^ttiCN  parts  which  are  dec-post,  and  the  avt^ra^e  intensity  can  be 

''■0*11  to  be  eqaal  to  tbu  actual  uituusity  at  tho  centre  of  gravity 

^K    4  tlia  area.     Heoce  if  A  thmutM  thv  ai-ca,  k  tliu  depth  of  iti^  centre 

|V    ^^ parity,  and  v  the  weight  of  unit  volume  uf  tliu  Htjuid.  tliu  total 

fiwin  will  be  to  AU,    Strictly  speaking,  this  is  the  prewturc  due 

to  ihs  weight  of  the  litjuid,  tbe  tianhmitted  atnioctphoric  pres-siirv 

1^    tctBg  Uift  out  uf  account. 

^M      la  attftcbiug  uutnvrical  values  to  w,  A.  and  k,  the  same  unit  of 
H    I'BSUt  miut  bo  QM)d  tbn>u;;hout.     For  uxample,  if  A  bo  e.Ypn.«»ed 
'    V  Int.  A  mtut  bo  oxproutvd  in  square  fcvt,  and  w  must  stand  for 
tW  weight  uf  a  eubie  foot  of  tlie  liquid. 
Vbea  we  ompkiy  the  cantimubre  as  tlie  unit  of  lengtJ),  tbe  value 
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of  w  will  be  sensibly  1  gramme  if  the  liquid  be  water,  no  tliAt  tlio 
amount  of  pressure  in  grammes  will  be  simply  the  product  of  ihr 
depth  of  the  centre  of  gravity  in  ccntiincires  by  tliv  area  iu  tupiaTv 
ccQtimctreH.  For  any  oth^r  liiiuid,  the  prvsKurb  will  be  found  by 
multipl^'ing  this  prcxluct  by  the  spcdiic  {;mvity  of  tbe  liquid. 

The«e  rulcN  for  computing  t4>tal  presaiire  hold  for  aream  of  all 
forma,  wlietht--r  plane  or  curved;  but  the  investigation  of  the  total 
pressare  on  an  areia  whidi  is  not  plane  in  a  mere  mathematical 
exerciiw  of  no  practical  importance;  foraa  the  elementary 
in  this  case  are  not  parallel,  their  sum  (which  is  the  total  pi 
is  not  the  aame  thing  as  their  resultant. 

For  a  plane  area,  tn  whati-vor  position,  tbc  elementary  proaBOnB, 
Iwing  evcrywliore  nurmal  to  itn  plane,  arv  panUlcl  and  give  a  raul- 
tant  equal  to  their  sum;  and  it  ta  often  a  matter  of  intorest  to 
det<.Tmin«  ttiat  point  in  the  area  through  which  tlie  rcault«nt  pAnoa. 
Tl)ii«  point  in  called  the  Cfnfre  of  Premure.  It  ia  ooi  cojaddoat 
with  the  centre  of  gravity  of  the  area  nnleas  the  pressure  b«  of 
equal  intensity  over  tJie  whole  area.  When  the  area  is  not  liori- 
xonta],  tlie  preeaure  is  mo«t  iut^nac  at  thoee  ports  of  it  which  are 
deopeit,  and  the  eontro  of  prcMure  is  accordingly  lower  down  llian 
the  centre  of  gravity.  For  a  horizontal  area  the  two  ceutRM  atv 
coincident,  and  they  are  also  semibly  coincident  for  any  plane  mn* 
whusc  dimensions  are  very  small  in  oomi>nri<tan  with  its  depth  in 
the  liquid,  for  the  prc«suR'  over  such  an  aroa  a  sensibly  uniform. 

151.  OoDStrBCtion  for  Ceotre  of  Fressuro. — If  at  ewry  point  of  a 
plane  area  immenMl  in  a  liqui<l.  »  normal  be  drawn,  equal  to  the 
ilepth  of  Uic  point,  Uie  noruiaU  will  repreavnt  tl>o  intensity  of 
prexsure  at  the  respective  [tointa,  and  the  volume  of  tlie  solid  con- 
4titutcd  by  all  the  nonoals  will  represent  the  total  pnMsura,     That 

normal  which  passes  through  the  eentn 
of  gravity  of  this  solid  will  1m>  the  line 
of  action  of  tliu  resultant,  and  will  tJiere- 
fore  pass  Uirough  tlio  centre  of  preasure. 
ThuiH  if  KB  (Fig.  64)  bo  a  rectaogabr 
surface  (whieli  we  may  suppose  to  be 
the  surface  of  n  flood-gnto  or  of  the  side 
of  a  dam),  its  lower  k!<1<'  B  bein^  at  the 
bottom  of  the  water  and  it^  uppur  side 
B  at  the  top,  the  pressure  is  xero  at  R  and  goes  ou  incTMsiog  uni- 
fomily  to  B.    The  normalu  B6.  Vd,  HA,  U.  equal  to  the  deptha  of  a 
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lotnto  ia  the  Line-  BR  will  >kAV«  Uwir  «xfaremitie«  b.  d.  A,  I, 
m  one  stimi^t  Utie;.  To  find  the  mtitrc  of  prrasurt.',  we  mtist  find 
the  oentiv  of  ^(rKvity  of  tlic  triani^lv  KBiand  drnn'  n  Qormal  through 
it  As  Uio  ceutro  of  gntvity  of  &  triiuigic  b*  at  oni>-tI)inl  of  it« 
height,  the  centra  of  prvosure  trill  he  at  tme-tbird  of  the  ii<-t<^lit  of 
BR.  It  will  lie  oil  the  line  joinings:  the  middle  points  of  the  upper 
and  lower  nd«e  of  the  rectangle,  and  will  be  at  one-third  of  the 
length  of  this  line  from  its  lower  ond. 

The  total  preseuru  will  be  i-qunl  to  th«  weight  of  a  quantity  of 
the  liqnid  whoae  Tolumo  is  cqtinl  to  tliat  of  the  trinnf^iilnr  prism 
ounstitulcd  hj  th«  aggn^t«  of  tiir  noritiaK  of  nhiclt  priMro  the 
tiianglc  RBA  in  a  right  aectioD.  It  is  not  dilBcult  to  show  that  the 
niliiine  of  tliio  prism  is  equal  to  the  product  of  the  aiva  of  the 
I  (cetMtgle  by  the  depth  of  the  centre  of  gr&vity  of  the  rectangle,  in 
I     MUonJonoe  with  the  rule  above  given. 

^m  I8S.  Whirliag:  Vessel.  D'AIembert's  Prisoiple.— If  an  open  vessel 
^Hf  liqnid  i^  nvpidly  rotated  round  a  vi-rticnl  ii\i».  the  ourfucs  of  the 
^Mqtihl  iHUino*  a  coticave  fonn,  as  reprn^-ntvd  in 
^^tlig.  66,  where  tlie  dotted  line  is  the  axLi  of  n.la- 
tML  Whan  the  rotation  ha»  bettn  going  on  nt  a 
vnilnrm  rate  for  a  sufficient  time,  the  liquid  mass 
Mitca  bodily  as  if  ita  particles  were  rigidly 
eouMCted  toffether,  and  whvn  this  i>tat«  of  things 
hw  bran  attained  the  form  of  the  surface  is  that 
d  t  parmboloid  nf  revolution,  so  that  the  avctiun 
nfnwnted  in  tlie  figure  i»  a  parabola. 

Vt  hare  wen  in  §  101  that  a  particle  moving 
ttitanily  in  a  circle  is  acted  on  by  a  force  direct«d 
Umds  Uie  centre.  In  the  present  case,  therefore, 
t^  must  be  a  force  acting  apon  each  particle  of 
iltli^iud  ttrgin;^  it  towards  the  axis.  This  force 
*  Nffitied  by  the  pressure  of  the  liquid,  which 
•■win  Ibo  usual  [aw  of  increase  with  depth /or  all 
P"»n(»  i)»  tie  Kifiw  verticaL  If  we  draw  a  horizon- 
l*l|iUDpin  the  liquid,  the  prt?wureat  i-ach  point  of 
■tiilliat  duHto  tlie  height  of  tho  point  of  the  surface  vcrtit-allyover 
"■  The  pressure  is  therefore  lea.sl  at  the  point  where  tlie  plane  is  cut 
■rtk*  axis,  and  increases  as  we  recede  from  thL-i  centre.  Consequently 
"t&  particle  of  liquid  receivea  unequal  prwsuree  on  two  opposite 
I'im,  being  more  Btn>ngly  pressed  towards  tJie  axis  than  from  ii 
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Another  mode  of  diacussiDg  the  case,  is  to  treat  it  as  one  of 
statical  eqtiilibrium  under  the  Joint  action  of  gravity  and  a  fictitious 
fore©  called  centrifugal  force,  the  latter  force  being,  for  each  par- 
ticle, ec[ual  and  opposite  to  that  which  would  produce  the  actual 
acceleration  of  the  particle.  This  so-called  centrifugal  force  is 
therefore  to  be  regarded  as  a  force  directed  radially  outwards  from 
the  axis;  and  by  compounding  the  centrifugal  force  of  each  particle 
with  its  weight  we  shall  obtain  what  we  are  to  treat  as  the  resul- 
tant force  on  that  particle.  The  form  of  the  surface  will  then  be 
determined  by  the  condition  that  at  every  point  of  the  surface  the 
normal  miLst  coincids  vritk  this  renultatit  force;  just  as  in  a  liquid 
at  rest,  the  normals  must  coincide  with  the  direction  of  gravity. 

The  plan  here  adopted  of  introducing  fictitious  forces  equal  and 
oppoeito  to  those  which  if  directly  applied  to  each  particle  of  a 
syijtem  would  produce  the  actual  accelerations,  and  then  applying 
the  conditions  of  statical  equilibrium,  is  one  of  very  frequent  appli- 
cation, and  will  always  lead  to  correct  results.  This  principle  was 
lirst  introduced,  or  at  least  systematically  expounded,  by  D'Alem- 
liiit,  and  is  knuwn  as  D'Ak-uiUirt's  Friiieiplu. 
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ISL  Pnasnre  of  Liquids  on  Bodiei  Immerted. — When  &  body  w 
■waned  in  a  Liqaid.  the  ditTerent  points  of  its  surface  arc  »vh- 
JKtcd  to  pressurcti  wtiicb  obey  the  rul&i  laid  down  in  the  preceding 
dapUx,  As  these  presHurea  increase  with  the  depth,  those  whidi 
ted  to  raiM  Ut«  body  uxtuwd  thom  whicli  t«nd  to  sink  it,  so  that 
Ue  nsdtaot  effoct  is  a  force  in  th«  diroctjon  oppooito  to  that  of 
jatily. 

Bj  resolviog  the  presatire  on  each  element  into  horizontal  mid 
nrtieal  ootnponents,  it  can  be  shown  that  this  resultant  upward 
tfn  is  exactly  equal  U>  the  weight  of  the  liquid  displaced  by  the 

Dm  naMming  is  partjcularly  niniplc  in  tlio  ca«)U  of  a  right  ^linder 

(%  fifi)   plunged  vertically  in  a  liquid.     U  i«  evident^  ta  the 

bK  plioe.  tliat  if  we  ooBsider  any  point  on  the 

*)■  of  the  cylinder,  the  normal  prvMure  cm 

iW  putal  is  honToutal  and  ts  destroyed  hy  the 

*pi  taA  contrary  pre^uru  at  the  point  di»- 

■MtitaUy  opposite;  henoe.  tlie  horizontal  pree- 

■tia  destroy   each  other.      As   regards    the 

**linl  preeoree  on  the  ends,  one  of   them, 

1^  w  ^0  upper  cod  AS,  is  in  a  downward 

^■Mtioa,  and  viua\  to  tlic  weight  of  tht^  liquid 

"^aa  ABNN;  tltc  oilier,  tliat  on  thv  luwur  end  CD.  is  in  an 
L  P**"^  direction,  and  equal  to  the  w«i)jht  of  tlie  liquid  column 
fadjBB);  this  latter  pressure  exceeds  the  former  by  the  weight  of  the 
H^^l^Undcr  ABDO,  so  that  the  resultant  eSect  of  the  pressure 
I  ii  Iff  HUM!  the  body  with  a  force  equal  to  the  weight  of  the  liquid 
I    ^iflHod. 
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By  a  syiiUK-Lic  proecM  of  rctwuntng,  we  nuiy,  witfaout  having 
rcoourw  to  lh«  analysts  of  the  dilTercnl  pri'S3ure«,  »]iow  that  th» 
VfincliHiot)  i^  jxTf-vtly  general.  Suppose  we  have  a  li()tii(l  mass  tu 
I'fliiilibriuiu,  and  that  we  consider  specially  tlie  portion  M  (Fig.  C7); 
this  portion  is  likewise  in  equilibrium.  If  vre 
suppose  it  to  become  solid,  without  any  change 
in  its  w«igtiC  or  votum«.  equilibrium  will  still 
subsist.  Now  this  is  a  heavy  man,  and  as  it 
A"es  not  fall,  wc  must  conclude  that  t3ie  ofloct 
of  the  preeaiirea  on  its  surfaoe  ia  to  prodtMS 
a  resultant  upward  pressure  exactly  equal  to 
its  weight,  and  acting'  in  a  line  which  passea 
thrciuj^h  its  c'l^ntrc  of  j^ravity.  If  wa  now 
suppose  M  rop!ac«d  by  a  body  exactly  oorupyin^;  its  place,  the 
exterior  prmsunT^i  will  remain  t)>c  same,  and  their  resullant  effect 
wilt  therefore  be  the  Hame. 

The  name  centre  c/bwf}/ancy  is  given  to  the  centre  of  gravity  of 
tJie  liquid  displaced. — that  is,  if  the  liquid  be  uniform,  to  the  oentn-' 
of  gravity  of  the  »imcis  ooeupiwl  by  the  immeraed  body;  and  the 
alKive  reiutoning  shows  tiiat  the  resultant  pressure  acts  vertically 
upword-t  is  a  line  which  paswes  through  this  point  The  rosnlte  of 
tlie  above  explanations  may  thus  be  included  iu  the  following  pro- 
position: Ewry  hiKhj  immeraed  in  a  liqxtid  ia  ntbjedfd  to  a  rtMul- 
t'tnt  pretswre  equal  to  the  vxiffkt  of  the  liquid  di^tuxd,  and  atting 
txrlicalty  upmnrda  tttrough  the  centre  o/bwfi/ancy. 

This  proposition  constitutes  the  celebrated  principle  of  ArdiimedeH. 
Hie  firtt  pArt  of  It  is  often  enunciated  in  the  following  form:  £very 
body  immerted  in  a  liquid  loaea  a  portion  o/tta  wtiiffht  eqttal  to  the 
weight  of  the  liquid  di^jJaeed;  for  when  a  body  is  itumenicd  in  a 
lirptid,  the  force  required  to  sustain  it  will  evidently  be  diuinishQd 
by  a  qiisiiUty  equal  to  the  upwni-d  pri-x^uro, 

164.  BxpeTimcDtal  Demonstration  of  the  Principle  of  Arehimadae. — 
The  following  experimental  deroonatration  of  the  principle  of  Arehi- 
medea  ts  commonly  exhibited  in  courses  of  physics : — 

From  one  of  the  scales  of  a  bydrustatic  balance  (FIg.'OS)  b  nt>- 
pended  a  hollow  cylinder  of  brass,  and  below  this  a  solid  cylinder, 
wboee  volume  is  equal  to  the  int^trior  volume  of  the  hollow  cylinder; 
thoM  are  l»Ianef>d  by  wt-ights  in  tiic  othvr  scale.  A  reesel  of  water 
4n  then  placed  bolow  the  cylinders,  in  mich  a  position  tlutt  the  lowrr 
cyHndrr  aball  be  iaiuenicd  in  it    The  equilibrium  is  isunodiately 
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<l«tRi]rtd,  UMi  lliu  upward  pressure  oC  the  water  causes  tho  scale 
■itli  tliB  wdglits  to  deecvDcL  If  we  now  pour  water  into  th«  hollow 
tfylinder,  iK|uiIi)iriiiiii  will  gradually  1k<  re-estaUished ;  and  tlie  be«rii 


^iitedlBPe  ilo  iiorij;oiital  putiiUoi)  when  the  hollow 

of  water,  tho  other  cylinder  being  at  the  tuune  time 

^pM*ly  itnmened.     Tlte  upward  pressure  upon  this  latter  is  thua 

*lual  (o  the  weight  of  tho  waliT  added,  that  is,  to  the  weight  of  the 

''^ttid  displawd. 

lU.  Bod]*  Immersed  Id  a  Llqnld. — ^It  foliowa  frum  tlie  principle  of 

BAn^imadw  that  wbeu  a  UAy  ia  iminonied  in  a  liquid,  it  is  sutgccted 

'"'^  two  forces:  one  equal  Ui  ilA  weight  and  applied  at  ita  centre  of 

l?**vity,  tending  to  make  the  body  descend;  the  other  equal  to  the 

*<ightof  the  diBpUcL-<l  liquid,  applied  at  Clie  ouiitre  of  buoyancy,  and 

'*)>dfai(  to  make  it  rieo.     Tlierv  are  thwi  three  diflerent  cases  to  he 

H     (I)  Tbtt  wdght  of  the  Ixxly  may  exai-d  the  weight  of  the  liquid 
■  '^ihenl,  or.  Id  other  words,  iho  mean  denwty  of  the  body  may  be 
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greater  than  that  of  ih«  liquid;  in  this  e&M,  the  body  rinks  in  tbt 
liquid,  us,  for  itutAiicc,  a  piece  of  lead  dropped  into  water. 

(2.)  The  weight  of  the  IxKly  iimy  he  less  tlmn  that  of  the  liquid 
displacexli  in  tlii»  c&s«  the  body  will  not  remain  submerged  unleas 
forcibly  held  down,  but  will  rise  partly  out  of  the  liquid,  until  the 
weight  of  the  liquid  displaced  ts  i-<)ua)  to  its  own  wi'i;-)it  Thin  is 
what  happens,  for  instance,  if  we  imnierac  a  pivoc  of  cork  in  water 
and  leave  it  to  iuclf. 

(S.)  The  weight  of  the  body  may  be  e<jHaI  to  tlie  weight  of  the 
liquid  displaced;  in  thin  case,  the  two  opposite  forces  being  equal. 
the  body  takes  a  suitable  position  and  remains  in  equilibriom. 

These  three  cases  are  exemplilied  in  the  three  following  experi- 
ment* (Fig.  69):— 

(1.)  Au  ogg  is  placed  in  a  vcMel  of  water;  it  ninks  to  the  bcittooi 


Flf,  Ol  —tkl  FtUnfM  la  Kn^  Ml*  lUI  Wl*H. 

cf  the  vessel,  its  mean  density  being  a  little  greater  tlisn  tbal  of  the 
liquid. 

(2.)  Instead  of  fm^h  wntor,  wilt  water  is  employed;  the  egg  floftta 
at  the  mirface  of  tltc  liquid,  which  i»  a  little  denser  than  it. 

{3.)  Fresh  water  is  carefully  poured  on  the  salt  water;  a  roixtare 
of  the  two  liquids  takes  place  where  they  are  in  contact;  and  if  thtt 
«^  is  put  in  the  upper  p&i-t,  it  will  be  se«u  to  descend.  and,al'U!r  a  few 
oeciUaUons,  reinoUi  at  rest  at  such  a  depth  that  it  disptaooa  its  own 
might  of  the  liquid.  In  ttipi-ak tii;;  of  the  liquid  di!>plitce<l  tn  this 
eiae,  we  niust  imagine  eacJi  horiMJuUl  layw  of  liquid  eurToun<ltng 
the  ^g  to  be  produced  tlirough  the  a[>ace  whidi  tlie  egg  oecuinet; 
and  by  the  centre  of  buoyancy  we  must  nndcntaod  the  centre  of 


DEWISKD. 

of  U)«  portion  of  liquid  wbtcb  would  tliua  take  U)>  pltuse 

egg.     Wa  may  rumnrk  Uiat,  in  this  poaition  tlie  egg  is  In 

«Ubla  equilibrium;  for,  if  1%  risca,  the  upward  pressure  diiiiiniah> 

■kg.  it*  weight  U'U<h  to  mako  it  (Ivmcoiid  again;  if,  on  the  cottinry, 

^b  Hinkfi.  tho  pr«».'Hire  increaKea  aiid  t^nds  to  make  it  roasccnd. 

ISO.  CartMian  Diver. — The  experimwit  of  the  Cnriennn  diver. 

^bhicb  is  described  in  old  treatises  on  phydics,  shnn-s  «ach  of  th« 

^wflerrnt  eases  that  can  present  themselves  when  a  body  b  immersed. 

^Tbo  divvr  (Fi|;.  70)  consists  of  s  hollow  boll,  at  the  bottom  of  which 

b  a  small   opening 

0;  a  little  potxselaia 

B|n»  is  attadied  to 

ll»    ball,    and    the 

ohoU    floats    upon 

vats  eontatDMl   in 

k  flam   veHwl,    the 

Dunuh  o(  which  bi 

doad  bjr  a  Atrip  of 

aostcfaoue  or  a  blad- 

Jo.     If    we    pran 

*itli  lite    band    on 

l^Uaildur,  the  air 

^  tmpnmtd.  and 

^  |n«ara,  tnuw- 

Bitlnl  througli  the 

^ttnni   boriaontal 

JiTtn,  oondeoses  the 

•ir  in  the  ball,  and 

"^ttii  the  eatrano- 

^  a  portioQ  of  tlio 

''libJ  by  tlie  opea- 

^V  0;  the  Ooating 

'^^  beoomea  hea%-ier,  anrl  in  caasequenoe  of  thb  increase  of  wvight 

^  dirvr  descends     When  we  cease  to  press  upon  tlto  bladd«r,  tlie 

I*«»iin)  beoomes  wluit  It  wa.-*  Urorc,  some  wsUt  flowx  out  niid  Uie 

^»«  asoenda.      It  must  be  observed,  however,  that  at  tlie  diver 

'"Uiniiw  to  deacend,  more  and  more  water  enters  the  ball,  in  conse- 

TNUM  of  the  increa-ne  of  pr^^wsurw,  so  tbiit  if  the  depth  of  the  water 

*lMKled  a  certain  timit,  the  diver  would  not  be  able  to  rise  a^ain 

boBthe  hottom. 


rif.  m-cwiMtu  DiNb 
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If  we  fluppoM  that  at  u  curtain  momeut  the  weight  of  tho  diver 
U-oomcK  «xticUy  equal  to  thu  weight  of  on  o<]ual  voluuio  of  tha  liquid, 
tliKi-e  will  be  equtlihnumi  but,  unlike  the  equilibrium  In  tlie  vxpvri- 
ni«nt  (3)  of  last  Kection,  Uiia  will  evidently  be  MnstabU,  for  a  slight 
movement  either  U])warcis  or  donnwanls  will  alter  the  n-^ultjuit 
fotw?  so  as  U>  produce  further  movement  in  the  same  direction.  An 
a  consoquonco  of  this  instability,  if  the  diver  is  sent  down  bolow  ft 
ofrtrtin  flf]ilh  he  will  not  Iw  able  to  hku  nsiiin. 

197.  Relative  Positions  of  the  Centre  of  Oravity  and  Oentre  of 
Baoyanojr. — In  order  tliat  a  floating  body  eithtu*  wholly  or  )>artjally 
tuiuieraed  in  a  liquid,  may  be  in  o|ui]ibrium,  it  Lt  nect-jwary  that  it» 
wvight  be  equal  to  the  weight  of  the  liquid  dliploced. 

ThiH  condition  is  however  not  sufficient;  we  require,  in  addition. 
Uiat  the  action  of  tho  upward  prcMsuro  should  be  exactly  oppoeitv 
to  that  of  tlie  weight;  that  is,  tJiat  the  centre  of  gravity  and  the 
centre  of  buoyancj'  bo  in  tlie  satn«  vcrUcal  line;  for  if  thut  wen  not 
the  case,  the  two  contrary  forcea  would  conipotte  a  couple,  the  effect 
of  which  would  evidently  be  to  catue  the  body  to  turn. 

In  the  case  of  a  body  completely  immersed,  it  b  furtlier  necessary 
for  ittabk-  equilibrium  tliat  f/ie  eentre  of  gravity  rJtouid  be  betow  the 
centre  of  ljuo>-ancy;  in  fact  we  see.  by  Fin.  "I,  that  in  any  otlier 


^ 


r«.n. 


R^Ut>  I>MaDBI  tl  L'HHK  •(  GhtIIJ  ■BJ  OhM*  (f  fTWHH. 
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position  than  that  of  equilibrium,  the  elTect  of  the  two  fom» 
applied  at  the  two  points  G  and  0  would  bo  to  turn  the  bo<!y.  so  an 
to  bring  the  centre  of  gravity  lowi-r,  n<lutivt.dy  to  the  ccntm  of 
buoyancy.  But  this  ts  not  tin*  nuw  when  the  body  i»  only  partially 
immotsed,  a*  mmt  frvqueully  linpjtena.  In  thia  case  it  ntay  indoad 
happen  Uiat,  with  siiible  fipiililirium,  the  centre  of  gravity  is  lielnw 
the  centre  of  pren-suri!;  bui  tlii-t  i»  not  neon^r^',  and  iu  the  majority 
o(  ioBtoncee  is  not  the  cose.  Let  Fig.  72  represent  the  lower  part 
of  a  6oating  body — a  boat,  for  instance.  The  centre  of  pressure 
at  O,  die  centre  of  gravity  at  O,  consiJurably  obovc;  if  the  body 
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dbptaopii,  and  Utkoa  thi*  position  shown  in  tim  liipiK,  it  will  Iw 

thftfc  th«  olTect  of  tliu  two  toTCW  acting  at  0  anil  at  O  b  to 

re  the  body  to  its  former  |)Ositioa     This  difference  from  what 

M  place  wlien  the  bo<Iy  \s  coitiplvtvly  imnienfod,  dep«.-ni]s  upon 

the  tact  that,  in  the  ca.He  of  Uit:  Hoating  txxly,  the  ti-^irc  of  the 

aid  dispUocd  changes  with  the  position  of  the  body,  and   th« 

o£  baoyaoqr  moves  towards  the  Bide  on  which  the  body  u 

daoply  ilIlmen(l^dL     It  will  depend  upon  the  form  of  the  body 

whether  tbiii  lat«n)  movemcut  of  the  centre  of  buoyancy  is  Hufficieiit 

Wourty  it  beyond  the  vertical  throiii/b  the  ooiitrc  of  gravity.    The 

two  «cpul  foines  which  act  on  thi.-  iHjdy  will  evidently  turn  it  to  or 

(ncD  the  original  poaition  of  equilibrium,  according  as  the  new  centre 

rfbuoynocy  liw  boyund  or  falls  short  of  thii  vertical.' 

I1&8.  Advutagt  of  Lowering  the  Centre  of  Gravity. —Altliough 
>tible  equilibrium  may  subiuat  with  the  centre  of  gravity  alwve  the 
OBlie  o(  buoyancy,  yet  for  a  body  of  given  external  form  the 
fUslity  IB  always  increased  by  lowering  iJte  centre  of  gravity;  as 
TCtbitt  longthen  the  arm  of  the  ooupU  whidi  t- uds  to  right  the 
Wy  wiiun  tlisplaced.  It  is  on  tbi; 
pineiplo  that  the  um  of  ballaat 

1S9.  Phenometia  In  Apparent 
CaBtndiction  to  ihv  Prlnoiple  of 
inblmedes. — The  prinoi]>le  of 
AfdiiiMdea  seems  at  tirst  sight  to 
la  raitradictod  by  some  well- 
kDcnrn  Eact«.    TIiuk,  for  instance,  if 

•a  OMdlM  are  pUeed  carefully       ^.  „^^  ^-u-  n-u«,«.  ».i-. 
*  IbtHtrfaov  of  wat*"r,  tJioy  will 
■Wlta  there  in  e<iuilibriui»  (t'ig.  73).     tt  is  on  a  <iiniiUr  principle 


'lr>  iwllfl  Ihro^U  tl«  Mvw  MMn  of  bou^aiicjr  ba  dtawu  opciktilii  to  R>--K  thai 
1^  llA*  body  vtilnb  in  tba  pOiUM«  of  afililifariuiD  wm  a  tvnical  Ihnxuicb  the  nmtiv 
*  (Ml},  tlw  imIM  of  hIanMk*  U  oftIM  Iha  Mitanitlre.  EvldmUr  whML  Ow  loKW 
■i' biMlan  du  bodj  to  t)M  pMiUMKf  «i|niUMum,  Uw  nMUocnU*  t>  >boi«  tha MUtn 
'  tMtj  1  when  Um;  tonil  to  iimMH  tha  diaplnremMt,  ll  la  below.  In  itiipt  tha  ii»- 
^^»  tWauw  Ihma  twv  pcfau  li  ihiuUj  ncwlv  tlio  moo  tor  M  tatoaaU  of  haallng;  nod 
"alftana  k  ■  tMaoin  •!  Uie  ■uUUtjr  d  tbe  ■liip. 

*«  t**i  daGaad  Dm  MtManlre  m  the  iatancctioo  of  two  Unob  Wlico  th<M  tliw* 
^  h  Umot  jlaatt,  and  do  not  iMcnect  Mcb  other.  Ihm  U  no  mttuMntie.  11>b 
kM  h  tkt  GMB  (or  nuat  ot  tha  duplkcvounta  to  whinh  ■  fluallng  bodj  of  brtvolu 
<^•  «M  W  aabjedad.  Than  uo  tii  ({aiiurkl  onl;  two  illrMtlwn*  of  htwlic^  lo  wUob 
■aiKUw  ODfTHpaBd,  anJ  theae  two  dir«rtlori>  uc  M  rigbl  uisla*  W  OMfa  othat 
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tlist  several   inaecU  walk   ou   water  (Fig.  74),  and  ibai  »  gnM. 
number  of  bodies  of  various  iiaturos,  providt-d  they  be  twry  minult, 

can,  if  w«  may  ro  my.  be  placed 
on  the  8urfa4:e  of  a  liquid  with- 
out penetrating  into  ita  tntvrior. 
TIi«Me  curious  fact^  dept^nd  on  tlie 
drcuRUitanoe  that  tlie  small  bodies 
in  question  are  not  wetted  by  the 
liquid,  and  hunc«,  in  virtue  of 
principles  which  will  he  explained  in  connection  with  capillarity 
(Chap,  xvi.},  depressions  aru  fonncd  around  Uiem  on  the  liquid 
surface,  m  repr«H«nt«d  in  Fig.  75.  The  curvature  of  the  liquid 
sorfaoe  in  th«  neighbourhood  of  tlie  body  is  veiy  dutinctly  showo 
hy  olnerv-ing  the  shadow  cast  by  the  floating  body,  when  it  is 
iUumtned  by  the  sun;  it  ia  Been  to  be  bordered  by  luminous  bandl. 
which  are  owing  to  the  refraction  of  tho  rays  of  light  in  the  portioii 
of  tho  liquid  buundL-iI  by  a  curved  surfacck 
Th«  cxititoDM  of  tlie  doprossiou  about  tlie  floating  body  enabltfl 
us  to  bring  the  condition  of  equilibrium  in  this 
special  CBAe  under  tho  general  enunciation  of  tJw 
principle  of  Archimedes.  Let  M  (Fig.  75)  be 
the  body,  01)  tho  region  of  the  depresaion.  and 
AB  tliv  correspoiidiug  portion  of  any  horizontal 
layer:  since  the  pressure  at  eacli  point  of  AB 
nuL-it  Iw  the  sann;  as  in  other  parts  of  the  auM 
horizontal  layer,  the  total  weight  above  AU  Li  the  saino  as  if  M 
did  not  exist  and  the  ca\-ity  were  filled  with  the  liquid  itself. 

We  may  thus  say  in  this  case  also  that  the  weight  of  the  floating 
body  is  equal  to  the  weight  of  the  liifuid  diei'taced.  understanding 
by  these  words  the  liquid  whicli  would  occupy  the  whole  of  tha 
depmsion  due  to  the  preKonce  of  the  body. 


A 
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DBKSnr  AND  ns  deterhixation. 


130.  Sdflnitions. — By  tJie  oiaoZic/e  denaiti/  of  a  suli»*tnDCo  is  meiuii 

Uu  BUM  ot  unit  volutno  of  it     By  tlio  niativ«  demsity  is  m<>Aiit  thv 

otioot  iU  aLiMilut*  density  io  that  of  soine  st«idiud  aulwtanw,  or, 

viol  iBioants  to  the  name  Uiing,  Uie  ratio  of  Die  maas  of  any  volume 

j  <!  lb«  mbstanoe  in  qQeetion  to  the  vahna  of  an  t-qual  volume  of  the 

'  'teuluil  Bubstance.     Since  equal  tnafises  gfravitate  equally,  the  oodi- 

iwinti  of  maffi««  can  be  efl<!ct«d  by  weij^hin^,  and  the  relative  den- 

*'y  of  a  KubNtance  is  the  ratio  of  ite  wd^tit  to  that  of  an  vqual 

"■lum*  of  the  standard  NuIiBtatic«.     Wat«  at  a  »po«i(ied  teinncni- 

^umI  under  atoii^npheric  pmRSiire  iKmually  taken  ax  theatamlard 

"■hiianw,  and  the  density  nf  a  substance  relative  to  water  a  usually 

^_    lallBii  tbo  gpfdfio  grai^;/  of  the  substance. 

^B     f«t  V  d^iiiite  llio  volume  of  a  substance,  M  its  mam,  and  D  its 
^■*'"olttle  density;  tiien  by  definition,  we  have  M=VD. 
^     '^  •  denote  the  ipeeific  gra^-ity  of  a  »ub*itiirice,  and  d  the  absolute 
iT'^ty  of  water  in  the  standard  condition,  then  D=:«t2  and  M  = 

''•mbi  masses  are  exprMsed  in  Iba.  and  volnroea  in  cubic  feet,  the 
^*'*   of  (f  t)t  alK>ut  624.  since  a  cubic  foot  of  cold  water  weigliB 

^  tfae  C.O.S.  sptem.  tJic  value  of  d  i«  Benaibly  unity,  since  a 
^™^  eaotontetre  of  wst«r,  at  a  temperature  which  in  nearly  that  of 
™  **iaxinmm  density  of  wat«r,  weighs  exactly  a  gramme,' 

"*«  i^nunmfl  is  defined,  not  by  reference  to  water,  but  by  a 
^'^'Wd  ktlognunnio  of  platinuai.  which  is  prcst-rvrd  in  Paris,  and 

'^  M«ad  BOMbtf^  a  vMn  toK  at  waur  w*litlM  1000  ml,  which  U  ti-i  n*. 
I  '  'Wrdlng  to  tlia  twi  (kumiatUon  yM  pnUiahvd,  lh«  max  of  >  onbto  nntliiMti«  «1 

^H  ^  *«*"  M  t'  i<  I-OOOeiH  at  y  U  I-OOOOM.  and  at  r  1>  -tWOK. 
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of  wliicli  auviT&l  vciy  canofuUy  iniulu  cu^iui  arc  pru»orv6<l  io 
ptaeui.    Ill  lilt;  above  aUtcuiuiibi  (oa  in  all  very  Accunt«  8t«tem< 
uf  weighto),  the  woJgliing»  urc  supposed  to  b«  txmAts  in  vacuo;  for 
tlie  uioHAcs  of  two  bodies  ore  not  accurately  [irufiortionat  to  their 
ap]ian^t  gravitAtions  in  air,  unlean  the  two  bodies  happen  to  have 
llio  s&uie  (leoiuty. 

181.  Ambiguity  of  the  word  "  Weiglit," — F'riii>LTly  Bpeoking.  "  Uw 
wvight  of  a  body  "  mcaiui  tho  force  with  wliicli  thi;  body  gravitatui 
towardd  Uie  earth.  This  force,  as  wv  have  Bev»,  ditlvn  Hliglttly 
aooordiog  to  the  placu  uf  obsorvatiuii.  If  m  donot«  the  tnaas  of  thw 
body,  wul  g  the  int^iiuity  of  gravity  at  thu  place,  the  weight  ot  the 
Ixtdy  is  mj/.  W'heit  the  body  in  carried  from  one  place  to  anothvr 
without  gain  or  loos  of  material,  rn  will  remain  constant  and  g  will 
vary;  hence  the  weight  mg  will  vaiy,  and  in  the  name  ratio  sa  g. 

But   thv  employment  of  gravitation   unitA  of   forco  instead  of 
absolute  uiiibi,  ol»curus  tliis  fact.     Tlin  uuit  uf  measurt^mvnt  variuA 
in  ttio  same  ratio  an  tho  thing  to  be  mcamircd,  and  henoe 
numerical  value  remaioa  uruiltert-d.     A   body  weighs  the 
number  of  pounds  or  gnunuiea  at  one  place  aa  at  another, 
tli6  weighta  of  tho  pound  and  grantuie  are  them.'telvi^  pmpori 
to  y.     Exi«vB8ed  in  absolute  unitfi,  the  weight  of  unit  mass  is  y,  and 
the  weight  of  a  maas  m  is  mg.    The  latter  is  m  times  tlie  fonuer; 
bunot!  wb<-n  tho  weight  of  unit  masH  is  employed  ns  tho  unit  of 
weight,  thv  (lainD  number  m  which  denotes  Uto  maas  of  a  body  aUo 
denot«s  its  weight.    Wliat  are  usually  called  standard  weight*?^ 
that  is,  standard  pii-nn  of   nx^lal  nsvA   for  weighing — are  really 
standards  of  mass;  and  wh«n  the  result  of  a  weighing  ia  stated  in 
terms  of  these  standards,  (as  it  uxually  in,)  the  "  weight,"  as  thus 
Hloted,  is  really  the   matia  of   the   body  weighed.     The  standard 
"  weightu"  which  we  use  in  our  balances  are  really  standard  maaaes. 
In  discusakuis  relating  to  density,  weights  are  most  conveniently 
inprgsned  in  gravitation  measure,  and  hence  thu  words  maw  and 
weight  can  be  ufte<l  alniottt  indtscriininntt^ly. 

168.  Determi nation  of  Density  from  Weight  asd  Volame.— 11i« 
ahsolute  density  of  a  substance  can  be  directly  determined  tiy 
weighing  a  measured  volume  of  it.  Thus  if  v  cubic  centimetres  uf 
it  weigh  m  grsmmes,  its  density  ^in  grammes  per  cubic  centimetre^ 

is  -.     TItis  method  can  be  easily  applied  to  solids  of  regular 

geometrical  forma;  sinoe  their  volumes  can  be  computed  froui  their 


it  vanus 
xvrtional^ 
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r  nuuimmeDta.  It  uui  aUo  bo  Applied  to  Itquids,  by  eiuplo)-- 
Mol  of  known  cmiteat  The  lx)tUv  usually  employed  for 
lUi  psqxse  is  a  bottle  of  thin  gltuis  tltted  with  u  purforatud  stopper, 
» (hit  it  e&u  be  flU«d  and  stoppered  witliout  leaving  a  opocu  for 
tir.  The  difference  between  ita  weighta  wheu  full  and  empty  ii  thv 
migbl  of  the  litiuid  which  tills  it;  and  the  riuotient  of  this  by  the 
nhuM  uocupivd  (which  «an  be  di't«nniiiod  once  for  all  by  weighing 
lb  b>ttl«  wboa  tilled  with  wat«r)  is  iho  dciuity  of  the  liquid. 

11wid<nntage  of  employing  a  pcrforatiKi  stoppor  It  ilint  it  vnabli^ 
mtoeoaan  eonston^  uf  volume.  If  a  wtde-moutlied  llft.sk  were 
Mfloyed,  without  a  stopper,  it  would  be  difficult  to  pronounce 
vbta  tlie  flank  was  exactly  full.  Thin  source  of  inaccuracy'  would 
Wjiainiahed  by  tnaktag  tbe  mouth  n&rrower:  but  when  it  is  very 
imttm,  tbe  filliu)^'  and  emptying  uf  Uie  tiask  aro  difficult,  and  thens 
iiiluger  of  fon.-iiig  in  bubblwi  of  air  with  tbu  liquid.  VMu'ii  u  p«r> 
fwMtd  Hoppor  is  employed,  tJie  flask  is  first  tilk-d,  then  tli«  stopper 
*  hiHrttd  aud  soiae  of  Uie  liquid  is  thus  forced  up  tlirou^h  thii 
pifcnIlMl*  ovCT&owioj;  at  tlw  top.  When  the  stopper  ban  been 
JlAiA  homo,  all  the  liquid  outride  is  carefully  wiped  off,  and  the 
^fU  which  reULain.4  is  as  nmcb  as  just  tills  the  stoppered  flask 
■Khdfaig  tbu  perfoiittion  in  the  stopper. 

la  accurate  wtn-k,  the  temperature  must  be  obaervvd,  and  due 
•flMlOM  made  for  ito  elTect  upon  vohime. 

UL  Spadfto  SrtTity  Flask  for  Solids. — The  volume  and  den»ity  of 
smM  body  of  irrogular  shape,  or  eotwisting  of  a  quanti^  of  small 
(iNa,can  b«  do- 
Unnwilbjpuu 
^  a  into  sodi 
*l»tUnFig.76). 
*Bii  weightn)* 
^•■itarwhidi 
"■liiplMtti.  Tb« 
"M  cbttveaiMit 
*^  it  doing 
■^ttoolservrt 
1 1)  ihn  weight  of 

■■••Olilj;  (2)U»0  Pic  TCSrnMf  OmKtrPlukrarSdl-b. 

**i^    of    thm 

Wtln  ^dl  of  water;  (.1)  the  weight  of  the  bottle  when  it  contains 

1^  wUd.  togetlier  with  att  much  water  as  will  fill  it  up.    If  the 
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tliird  of  theae  reautta  be  subtracted  from  tb«  sum  of  the  lust  two, 
Uic  remainder  will  be  the  weight  of  the  water  displaced;  wliich, 
when  expressed  in  graminos,  in  th«  same  as  tbo  voliiinv  of  tho  body 
f  xprMBod  in  cubic  ccntimotiw.  Tlio  weight  of  the  body,  dividod  by 
IhiK  rcmaiader,  is  tho  donsity  of  the  body. 

164.  Hetbod  bj  Weisbisp  in  WBt«r.— Hie  methods  of  deteniiining 
donsity  which  we  are  now  about  to  describe  depend  upon  tbo  prin- 
ciple of  Archiiuedos. 

One  of  the  oommoneot  ways  of  determining  the  density  of  a  solid 
body  is  to  weigh  it  first  in  air  and  then  in  water  (Fig.  77)  the 


ns.  TT.-aiimiOfMWyw 


n»  m-aVMiAt  OmrlW  of  LHvldk 


fiounterpoiBint;  weights  being  in  air.     SIikn^  tlio  lofis  of  weight  doe 
ill  \U  imniention  in  water  is  equal  to  tlio  weight  of  the  name  volume  ' 
of  water,  w«  have  only  to  divide  (At  weight  in  air  btf  this  ton  of 
vm^ii.     We  nhal)    thus  obtain  the  relative  donuty  of  the  body 
■A  compared  with  water — in  other  woids,  the  specific  gravity  of 
Itody. 


WEiaaiNO  IN   WATER. 
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USSt'bom  the  observatioiu 


Watght  in  kir,        106  fm. 
Weight  in  orMM,    100  „ 


A  Tnir  fine  and  Btrong  thread  or  fibre  should  bo  employed  For  inis- 
ftaSag  the  body,  so  tliat  the  volume  of  liquid  diapl&o-d  by  ihiit 
thnd  may  bo  u  miuaII  ils  potwibK 

ISO.  WdffbiBff  io  W«t«r,  with  t  Bink«r.— If  tlio  body  is  tighter 
tlu  nttr,  we  may  employ  a  Hitikor — ttiiit  is,  a  piece  of  some  hcAv^- 
Mttriil  ntUclied  to  ttt  and  liuavy  cnougli  to  make  it  sink.  It  ix 
iM  imeamaiy  to  know  th«  weight  of  tlie  Kinkrr  in  air,  but  we  must 
Qhirra  ita  weight  in  wat«r.  C'^tl  lhi.s  h.  Let  w  be  the  weight  of 
^  body  in  air,  and  w  the  weight  of  tlie  body  and  sinker  together 
in  »u«r.  Then  w'  wUl  be  les§  than  a.  The  body  baa  aa  apparent 
Hjiwud  gravitation  in  wntt-r  etjual  to  e—vf,  siiowing  that  the 
RMilCknt  pnnnuni  upon  it  uxcMidit  its  weight  by  ttiifl  amuiint. 
lltDotUie  weight  of  tbeliiiuid  displaced  in  w+t—w'.aui  thespocific 
Pivity  of  th«  body  ia  i~zv 

If  iny  oUier   liquid  tlian   water  be  employed  irk    the    methotln 

'^BCribed  in  this  and  the  preceding  section,  the  result  obtained  will 

'•  the  relative  density  as  compai-ed  with  that  liquid.     'ITie  result 

■■•t  tWvfore  be  multiplied  by  the  density  of  the  liquid,  in  order 

*"  olKoin  the  abeolute  drnsity. 

"8.  Dmiity  of  Liquid  larurrod  froin  Loss  of  Weight. — Tlie  donsiUo 
^  '*9Uidi  are  often  dutvnuined  by  observing  the  l<n«  of  weight  uf  n 
^f**  iauuMMd  in  lh«iD.  and  iliviiling  by  iiw  ktiowu  voluniu  of  ii\<.- 
*^  or  by  itt  tcm  ol  weight  in  water. 
*»««,  frotn  the  ohBi)n,-atiouft 

W«%Iit  b  air,       300  ^ 
Wiight  Is  li<ini<V    ISO  . 
Weigh*  in  mter,   110  « 


Loa  fai  ttjuid,  M.    Lon  in  wat«tr,  4(X 


Dentin  «(llqaid,^s 


ft 

^  ItW  ball  (9omeUrae»  weighted  with  mercury,  as  in  Fig.  78)  i» 
tifnlid  most  h^uently  employed  for  sucb  otDtervatiuos. 
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167.  Ueasurement  of  Voltunes  of  Solids  by  Loss  of  Weight. — ^The 
vtdume  of  a  Holtd  body,  especully  if  of  irregular  shape,  can  usually 
be  determined  with  more  aocurncy  by  wtiphing  it  in  a  liquid  th&o  l»y 
Ray  other  mothud.  If  it  weigh  w  grniiiiiiufi  iu  air,  and  w*  gnurirum 
in  wat«r,  itii  volume  is  w— W  cubic  ccntimetrM,  sinoo  it  displace 
v—v/  gramincs  of  wat^r.  The  incaii  diameter  of  a  wire  am  be 
wty  aoeurntdy  detcnnineii  by  an  oteervation  of  thLi  kind  for 
volume,  combined  with  a  direct  meAeurement  of  length.  Tlie 
volume  divided  by  the  length  will  be  the  meAQ  sectional  ana, 
which  is  e(|ual  to  «i*.  where  r  is  the  radius. 

168,  Hrdrometere. — ^The  name  hydrometer  is  gi%-en  to  a  clans  of 
iiutrumeuts  used  for  dotcrmining  th«  densities  of  liijiiidii  by  ol«en-- 
ing  dthrr  the  deptlis  to  whicli  Uiey  sink  in  tUr  lir|ui<l»  or  tlu> 


^ 


nt-  n.~XUMmi/*  ItTdnMMb 


waig^tA  r«(iuin^  to  he  attached  to  tlium  to  maku  tbeni  link  to  n 
given  depth.  Acoording  a»  they  an*  to  bo  tiacd  in  the  latt<tr  or  tht- 
former  oJF  these  two  ways,  they  are  called  hydroinetcn  of  euttstant 
or  of  variable  immersion.  The  name  areometer  (from  Apm^.  rant) 
in  usmI  a«  synoDymous  with  hydrometer,  being  probably  borrowed 
from  tlie  French  name  of  tlics*  inBtnimcnt«.  ar^omHrt.     The  hydro- 
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Brtm  of  constant  immcnion  tnoHt  ^nor&lly  known  ore  those  of 
XiehiilaoQ  anti  Fahnmhoit. 

IfflL  RieholBon's  Hydrometer. — ^Thjs  instrument,  wlitch  is  repro- 
Miilol  b  Ki;;.  TtJ.  eoDsistii  of  n  hollow  cylinder  of  metal  with  oonicftl 
mk t«rmin*t«d  almvu  by  a  vury  thin  rod  bearing  a  small  dbh.  and 
(Kijiag  at  ltd  lowor  eiul  a  kind  of  bAskei.  lliis  latter  is  of  such 
Wright  thai  wh«n  the  inxtnitm-nt  18  imtnemcd  in  water  a  wt-jghc  of 
lOO  graiiuneB  niwt  be  placed  in  th«  dLih  al>ove  in  order  Co  sink  thu 
ijfintiiB  SB  fax  aa  a  certain  mark  'in  the  rod.  By  the  principle  uf 
AnUmtdee,  tlra  weight  of  the  instrument,  together  with  the  100 
pUBKuH  which  it  carries,  is  equal  to  tho  weight  of  tlio  water  dis- 
iJictd.  Now,  let  the  irwtrunicnt  be  placed  in  another  liquid,  and 
ibtMJglfats  in  the  dish  above  b«  altered  until  they  are  just  sufficient 
lomtke  the  inatrument  sink  bo  the  mark  on  the  rod.  If  the  weights 
■alkttUsh  be  called  w,  and  tlie  weight  of  the  imitniinent  itself  W, 
thr  woight  of  liquid  dt^Iaoed  is  now  TP  +  w,  whereas  the  weight 
li  th»  saniA  volume  of  water  was   W  +  100;  hutcc  the  sp«cifio 


(iiriqr  of  the  liquid  ia  lyrn^- 


Illii*  in-tniKit-Dt  can  also  be  used  either  for  weighing  Hmall  nulirl 
iedioi  or  for  tinding  their  iq)odflo  gm\itica.    To  lind  the  weight  of 
tlmlv  (wliidi  wi<  hIuUI  suppose  to  weigh  less  than  100  grammes),  it 
I  ""m  be  placed  in  the  disli  at  the  top,  together  with  wei^ta  just 

**iO(Miit  to  make  the  instrument  sink  in  water  as  far  as  tlie  mark. 
™wu>Iy  these  weights  are  the  dilTerence  between  the  weight  of 
^  imlj  and  100  gramme*. 

To  gad  tiu  specific  gravity  of  a  i«oltd.  wo  first  aAcertain   ita 

**iKlit  by  the  method  just  dettcribeil;  we  tlien  transfer  it  from 

^  dish  above  to  the  basket  below,  so  that  it  shall   be  under 

"■••r  during  the  observation,  and  observe  what  additional  weights 

"■■t    DOW    be    placed    in    the    dish.      These    additional    weiglits 

''l"'<»Mit   the  weight   of    the    water  displaced   by  the  solid;  and 

'"'  ^«i(^t  of  the  solid  itDelf  divided  by  tliis  weight  \»  the  specific 

''**ity  tcquircd. 

^"^O.  Fahronlielt's  Hydromet«r. — This  in»tnnni*nt,  which  is  repre- 

'iit.^  in  Fig.  80,  is  genenilly  otnstructed  of  gtosa,  and  ditfers  from 

'< ' -hohmn's  in  having  at  its  lower  extremity  a  ball  weighted  with 

■n^ory  instead  of  the  basket.     It  resembles  it  in  having  a  dish  at 

A*  top,  in  which  weights  ore  to  be  placed  sufficient  to  sink  Uie 

MnuDtnt  to  a  definite  mark  on  the  stem. 
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Hydromiiten  of  coiuitaut  immonuon,  though  etill  duwrilxxl  in 
text-books,  have  quite  gone  out  of  titie  Tor  practical  work. 

171.  Hydrometers  of  Variable  Immersion. — These  instruinento  are 
usualljr  of  tlie  forma  represented  at  A,  B,  C,  I^g.  81.  The  lower  end 
is  weighted  with  mercury  in  order  to  maJce  the  instrument  sink  to 
a  convenient  depth  and  preserve  an  upright  position.  The  stem  is 
ojUndnca].  and  is  f^oduated,  the  diviHions  being  frequently  marked 


f* 


i^ki*iA«t'*  Blfciflllfc 


nc  II.   u:^ 


UjrdnsMn. 


U]x>n  a  piece  of  paper  inclosed  within  the  etcin,  which  must  in 
case  be  of  glasa.  It  is  evident  that  tlie  instrument  will  sink  the 
deeper  the  Ices  is  the  specific  gravity  of  the  liquid,  since  thv  weight 
of  the  liquid  displaced  must  be  equal  to  that  of  the  instmnH^nL 
HuDiC0  if  any  uniform  system  of  graduation  be  adopte<l,  so  tliat  all 
the  iostrumenbt  give  the  same  readings  in  liquid.i  of  the  same  deiiiii- 
ties,  the  density  of  a  liquid  can  be  obtained  by  a  mere  immetBioa 
(rf  the  hydroriietor — an  operation  not  indeed  very  precipe,  bat  veiy 
ouy  of  execution.  These  instruments  have  thus  cooio  into  genera) 
use  for  commercial  purpeses  uod  in  the  cxcimi. 

178.  Oenoral  Tlioory  of  Hjdromoten  of  Variable  Immeriioa.— Let 
V  be  the  volume  of  a  hydruniutvr  whicli  is  intniumcd  when  the  in- 
strument Uoata  freely  in  a  liquid  whose  density  is  d,  then  \'d  ropn»- 


UYDBOMETKAS. 
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I  the  weight  of  liquid  <liaplaced,  whidi  by  Ui«  principle  of  Archi- 
maAoB  is  tho  eamo  as  tlio  wci^'ht  of  the  hydromotvr  itaclf.  If  V,  tt 
U  tb«  oorrsspoDdiDg  valuw  fur  another  liquid,  we  hav«  therefore 

tVJ  =  W,  or  rf  :  J- !!  V  !  V. 
I  is,  the  density  varies  inversely  m  the  volume  immersed.     Let 
i^d^...he  ft  series  of  densities,  and  Vf,  V^  V,...the  coiiv^spondiug 
votoBaa  immetsed,  then  we  have 

V^OBC  if  we  wish  the  dtviNionx  to  indicate  equal  difTurenocs  of  deo- 
ifty,  m  must  place  them  so  that  the  corruspondiug  volumus  ini- 
Boaed  fona  a  ti&mionica]  progression.  ThU  iitipli^  that  the  dis- 
tUMK  between  the  divisiom  mu-it  ditnin»h  as  the  dt^n.'iilies  increase. 
Tim  following  investigation  shows  how  the  density  of  a  liquid 
Hf  btoomputed  from  observations  made  with  a  hydrometer  gradu- 
■M  (rith  equal  divititona.  It  is  iKx-ivisary  lirst  to  know  the  divisions 
la  which  Uie  iostruruent  sinks  in  two  liquids  of  known  densities. 
Ut  ihew  divUioDS  be  numbered  n,,  «,,  reckoning  from  tlie  top 
*lt«Bwards,  and  lefc  the  correBponding  donuUcs  be  <l,,  il^  Now  if 
*iUke  for  oar  unit  of  volume  one  of  the  equal  parbt  on  the  stem, 
ttil  if  we  take  e  to  denote  the  volume  which  la  immersed  when  the 
■■Mninent  sinks  to  the  division  marked  zero,  it  is  obvious  that  when 
^  iotfniment  sinka  to  the  nth  division  (reckoned  downwards  on 
I^Man  from  zero)  the  volume  immerBvd  is  c— vi,  and  if  the  corre- 
*|«fing  density  bo  called  d,  thru  (c  —  n)  d  is  tliv  weight  of  the 
^jiuiurtor.     Wo  have  thereforu 

Tliii  \ilue  of  c  can  bo  computed  once  for  all 
Tb«n  the  detuuty  O  oorriwpondiog  to  any  other  divi.-«ion  N  can  be 
^  from  the  oquatioa 


t«-N)  D=(<-«i><<t  vliieh  Sl" 


'^~-'i^<^ 


'Vs.  Beaami'e  Hydremflters. — In  Uteeo  instruments  the  divisions 
W  tquidistanL  There  are  twodiitinci  mod(«of  ■;raihmtion,  acoord- 
°¥4i  the  instrument  U  to  be  uHed  for  deU;rmining  deunities  greater 
'  1m  than  tltat  of  wat«r.     In  the  former  case  the  instrument  is 
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ITien  their  volume*  •"  3'  a-  i  ■  ■  ■ 

The  volume  of  the  mixture  is  ihu  sum  of  these  voliirnvM,  uxl  iU  nn 

is  tni  +  mi-t-mi-t-  .  .  .  ;  boncv  iti  deatily  is 

177.  Omphicil  Method  of  flr«du«tion. — WJiisn  the  point*  obT 
stem  which  cotresjmnd  to  .-(omu  live  or  aJx  known  dcu&itiutt,  nc 
oquidifiWrunt,  have  been  cli;t«riniiied,  the  intennedUte  gtadt 
can  be  inserted  with  tolitrahle  sccunvcy  V>y  the  graphical  method  of 
inturpoUtioti,  a  method  which  haa  many  applications  in  phydflH 
boudw  that  whicli  we  are  now  oonRidering.  Suppose  A  and  B 
<Kig.  86)  to  represent  the  extn-me  points,  and  I,  K,  L,  K  iut«rmedi»t(- 

points,  all  of  which  contnipoiid 
to  known  dcnsitiea.  Erect 
onlinnti^  (that  t«  to  say,  par- 
]>endiculani)  at  tbcne  points, 
proporUonal  to  the  respective 
(loiuitiea,  or  (which  will  e«rv« 
our  purpoeo  equally  wcD) 
vrcct  ordioatcs  IT,  KK',  LL'J 
IIR',  BC  proportional  to  tb<[ 
exGossoa  of  the  denmtJM 
1,  K,  L,  R,  B  above  th* 
aity  at  A.  Any  scale  of  eqi 
portA  oan  be  employed  fl 
laying  off  th«  ordinatw,  but  it  U  convonient  to  adopt  a  scale  whii 
will  make  the  greatest  ordinate  BC  not  much  grtiatcr  nur  mt 
lean  than  the  baAe-lin«  AB.  In  the  figure,  the  density  at 
suppoufd  to  be  180,  the  density  at  A  being  1.  Thv  ditlV-i 
of  daosily  is  theraforu  -80.  aa  indicated  by  the  figures  80  on 
scale  of  eqool  parts.  Having  erected  the  ordinates,  we 
draw  tJirough  their  uxtrvmitius  the  curve  Al'K'L'R'C,  makir 
as  tm»  from  midden  bends  as  poasiblv,  as  it  is  upon  the 
larity  of  thin  curve  that  the  accuracy  of  Uie  iot«rpolatJoa  de 
Then  to  tiwl  the  point  on  the  st«m  AB  at  which  any 
daoaity  is  to  be  marked — say  1-CO,  we  must  draw  throu; 
60th  divisloD,  on  the  line  of  equal  parts,  a  horicontal  Ij 
movi  the  eurve,  and.  through  the  point  thus  found  on  thci 
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draw  as  ordinate.     This  ordinate  will  meet  the  base-line  AB  in  the 
required  point,  which  is  accordingly  marked  1*6  in  the  figure.     The 
curve  ako  affords  the  means  of  solving  the  converse  problem,  that 
is,  of  fint^iTlg  the  density  corresponding  to  any  given  point  on  the 
stem.     At  the  given  point  in  AS,  which  represents  the  stem,  we 
most  diaw  an  ordinate,  and  through  the  point  where  this  meets  the 
carve  we  must  draw  a  horizontal  line  to  meet  the  scale  of  equal 
parts.     The  point  thus  determined  on  the  scale  of  equal  parts  indi- 
cates the  density  required,  or  rather  the  excess  of  this  density  above 
the  density  of  A. 


CHAPTER    XV. 


7ESSELS   IN   COMMUNICATION— LEVEIA 


178.  Liquids  t«nd  to  Find  tbeir  own  Level. — When  a  liquid  i« 
ctmtained  in  vessels  oommunicating  with  each  other,  and  in  in 
equilibrium,  it  stands  at  the  aame  height  id  the  diffcrvot  partit  of 
thu  systi'iD,  HO  that  Uic  free  surfOGW  all  li«  in  the  same  horizootAl   j 
plants     This  is  obvious  from   the  considentioDS  punted  oat  ii)^ 
^  136, 139,  being  merely  a  pnrticiilar  eaae  of  the  more  general  la'  — 
Uiat  points  of  ft  liquid  at  rest  which  ore  at  the  same  preaovn  are 
the  same  leveL 

In  the  sp[)aratus  represented  in  Fig.  87,  the  liquid  is  seen  to  sUnI 

at  the  some  heij^bt  ic 
the    principal 
and  in  the  vi 
abapnl    tubes    cob 
municating   with    ^— 
If  oneof  thiwe  tul 
cutod'ataheightl 
than  that  of  theliqt 
inthe  principal  vc 
"  and  ix  mado  tot 

ate  ina  □arrovntotn.'dx 
Tlieliquii]  willbei 
U)  a])uut  up  neariy 
the  le%'el  of  tJtal 
the  principal  vemel 
This  tendency  of  liquids  to  lind  th^ir  own  level  is  utilized  for  , 
water^apply  of  towns.     Water  will  find  its  way  from  a  reeenxir-l 
through  pipes  of  any  lent,th,  providwl  that  all  parts  of  them  m 
,  below  the  level  of  Uie  waU-r  in  the  rmervuir.     It  bi  neocMuy 


P^  i;     \r»-:>  iM  '  iniiriniiiiAii#u. 
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lo  distingxtish  between  tlie  conditiona  of  stAticsl  equilibrium 

uul  the  floodttions  of  flow.     If  do  wator  wora  allowed  to  fl8ai>pv 

Erom  tht!  pipes  in  a  town,  their  extremities  iniglit  bo  carried  to  the 

bdgbt  lA  the  reservoir  and  tbey  would  still  be  k«pt  full.    But  is 

Vnctios  there  is  a  cootinuKl  absbractiou  of  energy,  partly  iu  thu 

>bape  of  the  kinetic  energy  of  tlio  water  which  issuer  from  tapt. 

■Aeo  with  eonsiderablo  velocity,  and  partly  in  the  sluipe  of  work 

ieatt  against  fricttoa  in  tlie  pipeoi     When  thcrv  i«a  continual  drsw- 

ing  off  &om  various  points  jf  a  main,  the  height  to  whidi  the  wat«r 

*&!  rise  in  the  houses  whidi  it  supplies  is  least  in  those  which  are 

aat  distant  from  the  reservoir. 

179.  Wat<r>Iavel. — The  im^tnunent  called  tlie  water-level  is  another 
QJostration  of  tlio  some  principle.  It  oonsists  of  a  metal  tube  6&, 
beat  at  right  onglee  at  iUi  uxtremitii!»i.    Those  cany  two  glass  tubes 


fti.  H.-Wftt»l«iL 

very  narrow  at  the  top,  and  of  the  same  diameter.  The  tube 
^  on  a  tripod  stand,  at  the  top  of  which  ia  a  joint  that  enables 
™«  obwrver  to  turn  the  apparatus  and  set  it  in  any  direction.  TIio 
"**>•  is  placed  in  a  position  nearly  horizontal,  and  water,  generally 
^loond  a  little,  is  poured  in  until  it  stands  at  about  Uirc«-t'ourth8  of 
^^  height  of  each  uf  the  ^laos  tubm. 

%y  the  principle  of  equilibrium  io  veasols  oommunicating  with 
'^*^  other,  the  surfaces  of  the  li<)uid  in  the  two  branches  are  in  the 
^Oie  horizontal  plane,  so  that  if  the  line  of  the  obeerver'a  sight  just 
f^Zes  the  two  surfaces  it  will  be  horizontal. 

ThU  ia  tli«  principle  of  the  operation  called  Uvellin<i,  tlie  object  of 

*ltieb  ia  to  determine  the  diflereiioe  of  vertical  heij^ht,  or  difference 

"/  ttod,  between  two  given  pointa.    Suppose  A  and  B  to  be  the  two 

Mnta  (Tig.  89).     At  each  of  tlieae  points  is  fixed  a  levelling-statF, 


120 


TKBELS  IK   COMMUKICATlON—L^-KUi. 


PIC.  Kl— UtdUoff' 


that  is,  an  upright  rod  divided  into  parta  of  equal  length,  on 
slides  &  small  square  board  whoso  <:eotr6  serves  as  a  mark  for  th« 
ob«r\-or. 

The  level  bcin^  placed  at  aii  intcniic<liatu  station,  tlie  observer 
directs  t)i«  line  of  eight  towards  each  Icvclling-staff,  and  tlie  mark 
io  raiReil  or  lowered  till  the  line  of  sight  paases  tlirough  itA  centre. 
Tho  marks  on  the  two  staves  are  in  this  way  broaght  to  the  same 
level     The  stafl'  in  the  roar  is  then  carried  in  advancv  of  the  other, 

tlic  level  ia  again 
placed  between 
the  two,  and  an- 
other observation 
taken.  In  tlue 
way,  by  Doting 
the  divifiion  nf 
the  stalf  at  which 
the  sliding  mark 
stands  in  each 
case,  the  tliflerenoe  of  levels  of  two  distant  fttatioiis  can  be  deduced 
from  obeervatiooi  ab  a  number  of  intermediate  points. 

For  more  accurate  work,  a  telescope  with  attached  Hpirit-lttvel 

(§181)  isu»ed,and  tlie  level* 
ling  statr  has  divisions  upon 
it  which  are  read  off  thruttjli 
the  telwiCoiK', 

180.  Spirit-level.— Tb»< 
spirit-level  i»  compoaod 
a  glass  tube  sli^tlj  carved 
containing  a  liquid,  which  is  gencrnlly  alcohol,  and  whidi  6U8 
whole  extent  of  the  tuW,  except  a  small  spooe  occupied  by  an  air 
babble.     Tliis  tube  is  inclosed  in  a  mounting  which  is  firmly  mp- 
ported  on  a  stand. 

SuppoM  the  tube  to  have  been  ao  mnstrticted  tliitt  a  ^-ertit 

section  of  its  upjMrr  »urface 
an  arc  of  a  circle,  and  sappo^H 
the  instrument  placed  uptn  ^ 
liurii»iiital     plane    (Fig.    91  "JL 
The  air-bubble  will  take  up 
a  position  MN  at  the  hiphcst  part  of  the  tube,  sudi  that  the 
UA  and  Nil  are  equal.     Hence  it  follows  that  if  tbe  level 


rif.  M-OiMt^tnd. 
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end  for  end,  the  bubble  will  occupy  Ute  same  posiUon 

Um  tube,  the  point  N  coming  to  M,  and  vice  vena.    This  will  not 

the  case  if  AB  is  inclin(^i  to  tl>c  horizon  (Fig.  02),  for  theit  the 

bubble   will   idwaytt   stand 

noart^  to  that  vad  of  the 

ibe  which  in  highest,  and 

'will    tlH-refore   chanj^   ite 

\iaoii  in  the  tabe  when  the 

latter  is  reversed.    The  test. 

Ikw.  of  the  horizoutnlity  of  the  line  on  whidi  the  npirit-U'vcl  ro»ta 

^Ihal  after  thid  opurntioo  of  revental  Uie  bubble  should  remun 

bttvtea  the  mne  tnarlu  on  Uie  tub&      The  maker  marks  upon 

^  tabs  two  points  equidistant  &om  the  centre,  the  distance 

''*t*asa  tbem  being  eqttal  to  the  usnal  length  of  the  bubble;  and 

'^  innlnuneDt  ought  to   be  so  a^jn^ted   tlint  when   tlie   line  on 

'fttch  it  stands  is  boriztHila],  the  vmU  of  the  bubbJu  are  at  these 

'n  order  that  a  plane  surface  may  be  horizontal,  we  must  have 
t*o   Unm  in  it  horizontal.     This  rM<ult  may  l)o  attninoil  in   iJie 


rts  a.— TadlHf  lU  IWinulWgr  uf  ■  MtttM. 
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lowing  manner:— Tlie  body  whoso  eorface  is  to  be  levelled  is 
i«  to  nsat  on  three  levclllng-scrvns  which  (orui  tlic  three  vertices 
*ii  Isosceles  triangle;  the  level  ia  first  phu:x-d  purutlvl  to  tlio  bwe 
7*   tbt  triangle,  and,  by  means  of  one  of  the  screws,  tlie  bubble  is 
^''^jfht   between   the   ret'erence-marka.     The   inslruiiii'.nt   in   thi-n 
^*^*«ml  perpendicularly  to  its  first  position,  and  the  bubble  is  brought 
^*ecn  the  marks  by  means  of  the  tliird  screw;  this  second  opora- 
^*^  sunot  disturb  the  result  of  the  tirat,  sine*  the  plane  has  only 
^^  ^***u  tumfd  alioitt  a  horizontal  line  oa  hinge. 

^B       Ul.  Telesoope  wltb  Attached  Level. — In  order  to  apply  the  spirit- 
^r     'V'll  to  land-narvej'ing,  an  apparatus  sudi  as  that  represented  in 
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Fig.  94  i»  omployed.     Upon  a  finune  AA.  movable  about  a  vortical 
axis  B,  are  pUoed  a  spirit-loTel  n»,  an<]  a  telescope  LI^  in  ponitioiiii 

pamllol  to  each  ot)ie-r.  The 
telescope  U  furnislied  at  Us 
focoa  with  two  fine  wiiea 
crossing  oqo  another,  whoa» 
point  of  intffrst'ction  detcr- 
minos  thu  Uitu  of  tiight  with 
gt«at  pniCLHion.  The  appar- 
atus, which  is  provided  with 
levelling-acrewa  II.  rests  oo 
tiipod  stand,  and  the  observer 
is  able,  by  turning  it  about: 
its  axis,  to  coinmiind  the  dif- 
ferent pointti  uf  tlte  horizon.  By  a  procci^s  of  adjaitincnt  whic 
need  not  here  be  described,  it  is  known  that  when  tlie  bu 
is  between  the  marks  the  line  of  sight  is  borizontoL  By  fumis! 
the  inutrunient  with  a  grndiintctl  horizontal  circle  P,  we  may  o' 
tlic  aziinuUts  of  tlte  points  observed,  and  thus  map  out  contour 

Diviitioiiii  arc  soinetimoB   placed  on  each  side  of  the  refcrei 
iiuirks  of  tlie  bubble,  for  measuring  email  deviations  from  horizc^ 
lAlity.     It  Ls,  in  fact,  easy  to  see,  by  reference  to  Fig.  01,  tlial 
tilting  the  level  through  any  §man  angle,  the  bubble  is  displaced    ' 
a  (juantity  proportionai  to  this  angle,  at  least  when  the  curvat 
of  the  instrumout  is  tbnt  of  a  circle. 

For  (leteruiitiiiijj  tliv  angulnr  value  corresponding  to  uuch  diviaii 
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of  tlie  tube,  it  u  ununl  to  employ  an  ap|)aratua  opening  like  a  uii 
of  oompntwes  by  a  h!n^«e  C  (Fig.  95),  on  one  of  the  legs  ot  wlud 
rests,  by  two  V^-sliaixvl  supports,  the  tube  T  of  the  level.     The  eoa< 
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pans  is  opened  l^  meona  of  a  inicroiaeter  screw  V,  of  very  regular 
action;  and  as  the  distance  of  the  screw  from  the  hinge  is  known, 
as  well  as  the  distance  between  the  threads  of  the  screw,  it  is  easy 
io  calcolate  beforehand  the  value  of  the  divisions  on  the  micrometer 
head.  The  levelling-screwa  of  the  instrument  serve  to  bring  the 
bubble  between  its  reference-marks,  so  that  the  micrometer  screw  is 
only  used  to  determine  the  value  of  the  divisions  on  the  tube. 


CHAPTER   XVI. 
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182.  CBpillftrity — OenernJ  Phenomena. — The  laws  which  we  have 
Uiiu  fiu-  BtAU-<l  r«epcctiug  tho  Ivvi^ls  of  liqiiiil  Hurfacvs  are  subjoct  to 
mnftrkublv  cxcviitioDs  whvii  the  vi'as<;I.-<  Jn  which  the  liquids  are 
oontoinod  are  very  uarrow,  or,  an  they  are  called,  capilUity  {capUlua. 
a  hair);  and  also  in  the  case  o(  veoaeU  of  any  size,  when  we  consider 
the  portion  of  the  liquid  which  is  in  close  proximity  to  the  sidea. 

1.  frea  Surface. — The  surface  of  a  liquid  is  not  horizontnl  in  the 
noighbourhood  of  the  sidos  uf  tlii'  vi.-hsc-1,  but  pri'seots  a  very  decided 
curvature.  ^Vhcn  tlic  liquid  wcte  the  vessel,  us  in  th«  ease  of  water 
in  a  glass  voMol  (IHg.  96),  tlio  surface  is  conwve;  on  the  oontnuy 
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'when  the  liquid  does  not  wet  tlie  Teisel>aB  in  the  case  of  mercury  ib 
a  glaas  vemel  (Fig.  97).  the  sorfaoe  ia,  geneially  q>ealctng,  convex. 

2,  CapiUary  EUnxtiion  and  Depression. — If  a  very  narrow  tub« 
of  glass  be  plunged  in  water,  or  any  otlior  liqui<]  that  will  wot  it 
(Fig,  98),  it  Hill  bo  obscrv(<d  that  the  level  of  the  liquid,  insttwd  of 
r«auining  at  tlte  sainv  height  inside  and  outside  of  tlie  tube,  atands 
liem-plibly  hij^hvr  in  the  tiiU^;  a  capillari/  aacetision  takes  plaoe, 
which  varies  in  amount  according  to  the  nature  of  tbe  liquid  and 
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diuootor  of  th«  tul<v.  It  will  a\m  be  seen  that  the  liquid 
imn  thus  nused  tennitiates  in  a  concav«  surface.  If  a  glass  tulw 
Im  (iijipod  iu  uiercui^,  which  doea  not  wvt  it,  it  will  be  seen,  hy 
bringing  the  tube  to  the  side  of  the  vessel,  tlint  llio  nwrcury  is 
dgpcowed  in  its  interior,  and  that  it  terminates  in  a  convex  surface 
(Fig.  99). 

8.  OapiUarff  I'l-wM'/a  in  Ctjmmunicalion  with  Others. — If  we  take 

^^^^^^        two  bent  tutx-s  (Fig.   100),  each  having 

,1  ^^^^^1       0D«  bmncb  of  ucoaHtderabIc  diameter  and 

■  ff^^^^l       tbeotherextntiiely  narrow,  and  pour  into 

fi^Hi^H  H^H JV  ("1^  <>^  tbeni  a  litiuid  which  wets  it,  and 
IH  H.  IHfjl  i»to  the  other  mercury,  the  liquid  will 
1^1  ^m   KJkJI  TViiH  in  the  fonucr  case  to  stand 

fc^^^^^  '  V     I   wx  the  capillary  than  in  Uie  prin- 

II  djial  brand),  and  in  Uie  latter  case  to 

1 1  stand  lower;  the  free  surfaces  being  at 

i..^a^^S^^^am   -t—      ^^  same  time  concave  in  the  case  of  the 
liquid  which  wets  the  tubes,  and  convex 
m  the  case  of  the  mcreurj-. 
163.  OiiennatasceB  which  inflnsDM  Capillar;  Elovatioa  and  Doprea- 
aiob. — 111  wett«d  tubes  the  elevation  dcpcndn  upon  tlie  nature  of  the 
liqaid;  tlius,  at  the  temporatore  of  18°  Cent,  water  risca  29'79""  in 
tub^  1  uiillim«!tTe  in  diameter,  alcohol  rises  IS'IS™  nitric  acid 
■•,  iwHnico  of  lavv'nder  4-28°"",  kc     The  nature  of  the  tube  is 
entirely  immaterial,  provided  the  precaution  be  first  taken 
ef  wetting  it  with  the  liquid  to  be  employed  in  the  experimenty  so 
■a  to  leave  a  film  of  the  liquid  adhering  to  tlie  sides  of  the  tube. 

Capillary  depression,  on  the  other  hand,  depends  boOi  on  th>- 
oktm  of  llie  liqui<l  and  oo  that  of  the  tube.  Both  ascension  an<1 
diwlon  diminish  as  the  temperature  increaaes;  for  example,  the 
4sntinD  of  water,  which  in  a  tube  of  a  certain  diameter  is  equal  to 

I  ISP"  at  0'  Cent.,  i"  only  ItKt—  at  100°. 
1S4.  Law  of  T}iAmtUiTB.—Cujniiary  rievaiion*  and  dejnvtmitjns, 
<A«  all  otltfr  eireuv%«lanws  are  the  same,  are  inveT»el]f  jtrvpor- 
tiM'il  to  the  dxarneirn  of  the  hibfs.  As  this  law  is  a  consequonoo 
rf  1^  matlieiuutical  theories  wbicli  are  gem-rally  accepted  a)i  ex- 
pUinlnf;  capillary  phenomena,  its  vrrilieation  has  been  n.<ganle<)  as 
'if  frmt  importancei. 

The  exjMTimenta  o(  Oay-Lussac,  which  confirmed  this  law.  Iiave 
bwi  ivpGst«d,  with  slight  mmlificati^os,  by  aoveral  oboervera.     The 
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method  smploycd  coa'^isto  esfienti&lly  in  meoBuring  the  capUl&r; 
elevation  of  a  liquid  by  nienns  of  a  cfithetom€l«r  (Fig,  101).  The 
t^leftcope  U  is  directed  first  to  tb«  top  n  of  t1i«  column  in  tlio  tii1», 
and  then  to  the  end  of  a  p<Hiit«r  b,  wliich  touclx-s  tlio  nirttux  of  tlio 

i 


n 


liquid  at  a  point  wIiltc  it  i»  Itorixontal.  Iq  oLm^rviiig  tlio  cleprandco 
of  mercury,  unoo  the  opacity  of  the  metal  prevents  us  froin  itwrfnc 
tJie  tube,  ve  must  bring  tho  tul<e  close  to  t]ie  )ude  of  the  veaael  a. 

llie  diameter  of  the  tube  can  bo  measured  directly  by  observing 
ita  section  througli  s  mkioeoope,  ot  we  niiiy  proox-d  by  tliu  mutliod 
employed  by  Gay-Luwtc.  He  weigbut  Uiu  qtuuitity  of  uicrcuiy 
which  Jilled  a  known  Icngtli  I  of  Uie  tube;  tliis  weight  w  in  that 
of  ft  cylinder  of  mercury  whose  ladiuH  x  in  determined  by  the 
eqitation  13'5f)  irx'l=w,  where  x  and  I  are  in  ceutimetree,  and  tp  t 
grammes. 

The  result  of  these  diflV-n-nt  experiments  w,  that  in  the  case  OK 
wett«d  tubes  the  law  is  exactly  fulfilled,  provid«^l  that  they  be  pre- 
viously wasliod  witli  the  greatfwt  earo,  ho  as  to  remove  all  foreign 
malt^ira.  and  that  the  liquid  on  whicli  the  experiment  is  to  be  per- 
formed  bo  timt  ()«a»ed  through  them.  When  the  liquid  does  not  wet 
the  tube,  varioua  eaums  combine  to  aH'ect  the  form  of  the  surface  in 
which  tJte  liquid  column  terminates;  and  we  cannot  infer  the  depm- 
noa  from  knowing  the  (liAmet«r,  uidess  wo  also  take  into  oonndsn- 
tion  some  element  eonncctod  with  the  form  of  the  terminal  mrbee. 
siich  BB  the  length  of  the  sofritLn.  or  the  anjile  made  with  the  sidm 
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I  by  the  oxtreinities  of  the  curved  Murfsoe,  which  is  called 
Ui«  aw/te  of  contact 

185.  Fosd&meQtal  Laws  of  Capillary  Phenomena. — CApillaiy  phe- 

nom^na,  as  Uiey  toko  place  alike  in  air  and  in  vucuo,  cannot  bo  nttri- 

bttted  to  the  action  of  the  atmosphere.    Tliey  depend  upon  molecular 

•eUoBa  whidi  take  plac«  bctweoo  tlio  particlias  of  the  liquid  iUelf, 

and  beivreen  the  liquid  uud  the  solid  containing  it^  the  actions  in 

queetioo  being  purely  superficial — ttiat  ia  to  say,  being  confined  to 

•a  extremely  thin  layer  forming  tlie  external  boundary  of  the  litiuid, 

ud  lo  on  extremely  thin  superGctal  layer  of  the  aolid  in  contact 

with  the  liquid.    For  example,  it  is  found  in  the  case  of  glass  tubes, 

that  the  amount  of  capillary  elevation  or  dcprtssion  is  not  at  oil 

of&Kted  by  the  thickiicAS  of  the  sides  of  the  tube.    The  following 

uv  HtM  cf  the  principles  which  govern  cajiillary  phenomena. 

V  for  a  given  liquid  in  contact  with  a  given  eolid.with  a  definite 
mihufmeoa  of  contact  (this  last  element  being  dependent  upon  the 
^ttautm  of  the  surface,  upon  whether  tlio  surface  of  the  KuUd  has 
Wi  imiitly  washed  tty  the  liquid,  and  perhaps  upon  8onie  ^xtlier 
ivtiotlun),  tiiere  is  (at  any  specified  tenijieraturo)  a  definite  angle 
"f  noUet,  which  is  independent  of  the  directions  of  the  siirfoctis 
^  Kgard  to  the  vertical 

t  Bvoy  liquid  behaves  as  if  a  thin  film,  forming  its  external 
Vrv.  woe  in  a  state  of  t«nsiou,  and  (.-xcrting  a  ClOQI^tant  elTort  to 
""■tact  Tliiii  tenaioD,  or  contractile  force,  is  exhibited  over  the 
*^af  tbo  fre«  iiarface  (that  a,  tlie  surface  which  is  exposed  to  air); 
^  whenrcr  the  liquid  is  in  contact  witli  a  Rolid,  its  existence  is 
"■^  by  other  molecular  actions.  It  is  uniform  in  aJl  direcUooa 
1 1^  (ma  Borfaoe,  and  at  all  points  in  tliis  surface,  being  dopeitdent 
''ly  M  the  nature  and  t«mp<.'ratur«  of  the  liquid.  Its  intensity  fur 
""^  ipedficd  liquidM  is  given  in  tabular  form  further  on  {§  19S) 
90  the  authority  of  Van  der  Mensbrugghe.  Tension  of  thin  kind 
*H  at  course  be  8tate<l  in  units  of  force  per  linear  unit,  because  by 
^Uing  tlie  width  of  a  bond  we  double  the  force  required  to  keep 
''itniehad.  U«ubruggh«  oonsidors  that  such  ten^iun  really  exists 
■  tts  si^Mfffidal  layer;  but  the  majority  of  authors  (and  we  tliiuk 
vitb  Dure  justioe)  regard  it  rather  as  a  convenient  fiction,  whidi 
*BOiittely  rcpre»ents  the  effects  of  the  real  eause.  Two  of  the  most 
VDisiai  writers  on  the  cause  of  capillary  phenomena  are  Laplace 
ud  Dr.  Thomas  Toung.  The  subject  preeents  difficulties  which 
t»n  Dot  yet  been  fully  surmounted. 
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186.  Application  to  Elevation  in  Tnlws.— Thv  law  of  dtaiueters  b 
A  direct  ooiiaciiucnoc  of  tlie  two  preceding  prindplea;  for  if  a  denote 
the  external  aiigle  of  contact  (wbich  ia  acute  in  tlie  case  of  mercury 
DgaiiLst  glass),  T  tlie  tension  per  unit  length,  and  r  the  nulius  of 
the  tube,  then  Srj^  will  be  the  wholn  aiuount  of  forcu  exerted  at 
the  margin  of  the  surface;  and  08  Ihia  force  i»  exerted  in  e  direction 
making  an  angle  a  with  the  vertical,  itA  vertical  component  will  b« 
i^rT  cos  (I,  whicti  is  exerted  in  pulling  the  tube  upwards  and  the 
liquid  downwards. 

If  to  be  the  weight  of  unit  volume  of  the  liquid,  then  wr^w  ifi  the 
weight  of  as  much  as  would  occupy  unit  K^ngtb  of  th«  tube;  and  if  k 
denote  the  height  of  a  column  wtiuso  weight  in  equal  to  tlio  foro 
tending  to  depress  the  liquid,  we  have 

rr*A  w = ZrrTiMf  a  1 


^ 


whooos  k—    *"*".  which,  when  the  other  sloments  aro  given,  vi 

inversely  aa  r,  tlie  radium  of  tlie  tube. 

Having  r^ard  to  the  fact  tliat  tlie  Hurfnce  ia  not  of  the  same 
height  in  the  centre  as  at  the  edges,  it  is  obvious  that  A  denotes  the 
mean  height. 

If  «  be  obtuse,  k  will  be  negative — that  is  to  say.  there  will  be 
elevation  instead  of  dcprvesion.     In  the  coao  of  water  against  a  tube 
which  has  been  well  wottod  with  that  liquid,  a  is  180° — that  ts  Um 
say,  the  tube  ia  tangential  to  tlio  surface.     For  this  case  tlio  fonitul^M 
for  k  givce 


•l«TmtlcD  = 


IT 


Again,  for  two  parallel  vertical  plates  at  distance  ti,  the  vertical 
of  capillarity  for  a  unit  of  length  is  STcof-a.  which  mnst  be  equal 
vAut  being  the  weight  of  a  ahcut  of  liquid  of  height  A,  thteknoM 
and  length  unity.     We  have  Ihemforv 


fon^J 


ft  = 


_STon« 


which  agrees  with  the  «xpr<»6ion  for  the  depression  or  elevaUoo' 
a  circular  tube  whoM  radius  it  equal  to  the  distonoa  between  then 
parallel  plates. 

The  surface  tension  always  tends  to  reduce  Uio  mirfaoe  to  tht 
atnallMt  area  which  can  he  inclosed  by  its  actual  boundary;  and 
thwefore  always  produces  a  normal  force  directed  front  tbo  convu 
Co  tJie  concave  side  of  the  superficial  film.     Hence,  wherever  there  is 
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ttI«v»t)on  Uie  fr««  surface  must  \x  concave;  wherever  there 
ion  it  must  be  coovex. 
187.  It  follows  from  a  well-known  propoaition  iu  sUtiuti  (To<i- 
hunter's  Statics,  §  194).  that  if  &  ct/lindrical  film  be  stretched  withn 
ooiform  tension  T  (do  that  Uio  force  tending  to  puU  the  tilm  ofiuiider 
•cTun  any  abort  ]in«  drawn  on  the  film,  in  T  times  the  length  of  the 
Ium).  the  raoltanC  normal  pr««Mire  (which  the  film  oxertfi,  for  ex- 
Utpla,  against  the  Hurfaco  of  a  solid  internal  cj-lindcr  over  whicli  it 
ia  ■tntched)  is  T  dividi^d  hy  the  radius  of  the  cylinder. 

U  can  bo  proved  tliat  a  lilm  of  any  fonn,  stretched  witli  uniform 
^_  taaaoo  T,  axertH  at  oodi  jioiiit  a  normal  prouure  equal  to  tlie  sum 
^V^  tU  pnHons  which  would  be  exerted  by  two  overlapping  <7lin- 
^■dtjttl  fllina,  wbcse  axes  ore  at  right  angles  to  one  another,  and 
^^  *kcH  cross  seciiMU  are  drclcs  of  curvature  of  normal  sections  at 
'^  point.  That  is  to  say,  if  P  be  tl]c  unrmal  force  per  unit  art-a, 
"Id  r,r'  tbe  radii  of  cur%'aturo  in  two  mutually  perpundicular  normal 
'«etiaai  at  the  point,  then 

Al  any  point  on  a  curved  aurfaoe,  the  normal  sections  of  greatest  and 
'™»t  curvature  are  mutually  perpendicular,  and  are  called  the  prin- 
QpKj  Diirmal  sections  at  the  point  If  the  Gon-es]iunding  radii  of 
PtfVmtunj  bo  II.  B',  w«  have 


'=-a*^> 


0) 


^V  tA«  norma/  /crve  p«r  unit  arta  ia  equai  to  ths  temion  per  untl 
^P^NfCA  muitiplitd  %  i^  mi*n  of  the  priTicipai  curvaturtn. 
^^*  the  oaao  of  capillary  depressions  and  clcrationa.  the  superficial 
^^  at  tlio  free  surface  is  to  be  regarded  as  prcMing  the  liquid  in- 
'"•'ds,  or  pulling  it  outwards,  according  as  Uiis  surface  is  convex  or 
^**VB,  wiUi  a  force  I'  given  by  the  above  formula.  Tlie  value  oF 
^  *t  any  point  of  the  free  surface  is  equal  to  the  pressure  due  to  tlic 
°^h(  of  a  cdunui  of  liquid  extending  from  that  point  to  the  level 
**  Ui«  gcnoiml  horizontal  Hurfsec  It  is  tliorefore  greatest  at  the 
*^^  of  the  elevated  or  depressed  column  in  a  tube,  and  loost  in  the 

*Vnr;  and  the  curvature,  as  measured  by  g  '*-  k.  must  vary  in  the 

"■^  proportloa    If  tlio  tube  is  so  birge  tliat  there  ia  no  sensiUe 
■initioD  or  deprcMiion  in  the  centre  of  the  column,  the  centre  of  the 
f***mafmee  mwt  be  sensibly  plane. 
188.  Another  ooosequence  of  the  formula  is,  that  in  circuntstanoea 


ISO 
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wbero  tboie  okd  be  do  nonnal  pressure  towards  cither  aide  of  tli« 
surfMje, 

which  impliea  that  either  the  surface  is  plane,  in  whidi  csau  oufa  of 
the  two  terms  is  Heparat«ly  equal  to  z«ro,  or  oUv 

Ba-BT;  C*) 

that  ifl,  the  principal  radii  of  curvature  are  e^jnal,  and  lie  on  oppMdte 
side6  of  the  surface.  The  formulee  (2),  (3)  apply  to  a  film  of  soapv 
water  attached  to  a  loop  of  wire.  If  the  loop  be  in  ooo  plane,  the 
tilm  will  be  in  tlic  twme  plane.  If  the  loop  bo  not  in  ono  plane,  the 
film  cannot  l>c  iu  one  plane,  and  will  in  fact  assume  that  form  which 
gives  the  loaflt  area  coiisiAtent  with  having  tlic  loop  for  ito  boundary. 
At  every  point  it  will  be  observed  to  be,  if  we  may  so  say,  conatvn 
towards  both  sides,  and  convex  towards  both  sides,  the  concavity 
being  prwiaoly  ctjunl  to  the  convexity — that  is  to  say,  equation  (8) 
is  Mitti^fivd  at  ovfry  point  of  the  film. 

In  tbiit  caM*  boUi  ttides  of  the  film  are  expoHed  to  attnoapherie 
pressure.  In  the  case  of  a  common  soap-babble  the  outside  is  ex- 
[>OA«d  to  atmaspbcrie  preeeuro,  and  the  inside  to  a  pressure  somewhat 
greater,  the  ditii;rcncc  of  th«  prcetsurut  being  b&lanoi.'d  by  the  t«i  - 
dency  of  the  film  to  contnct.  Formula  {1)  becutnca  for  eitlier  th 
tmt«r  or  inner  surface  of  a  spherical  bubble 


P  = 


but  Um  result  must  be  doubled,  becaiiae  thiTC  are  two  fn«  sd: 
henco  tJie  excess  of  pressure  of  the  inclosed  above  the  external 

aft 

g^.  H  denoting  Oie  radius  of  the  bubble. 

Tlie  value  of  T  for  soapy  water  is  about  1  grain  per  linear 
haooo,  if  we  divide  4  by  the  radius  of  the  bubble  expreosed  in  incb. 
we  ehall  obtain  the  excoon  of  internal  over  external  pressure  in 
ptr  tquare  inch. 

The  value  of  T  for  any  liquid  may  be  obtained  by  observing 
amount  of  clvvation  or  depresaioQ  in  a  tube  of  givrai  diameter, 
employing  the  formula 


which  follows  imme<ltat«iy  from  the  formula  for  A  in  §  180. 
189.  It  a  Uw  uniform  surface  tension,  of  which  we  have 
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whieb  eftoaoa  a  drop  of  a  liquid  falling  through  the  air 
either  to  usamt  tlie  gplterioal  funu,  or  to  oNcillalc  about  thi>  spheri- 
oU  Jam.  The  pbenoniena,  of  drop«  can  be  imitAt«d  on  on  onlarged 
male,  ander  circamstAnoes  which  permit  na  to  observe  the  ActiiAl 
OMtiaos,  by  a  taetbod  devised  by  Professor  Platoau  of  Ohent.  Olive- 
ut]  is  internKdiAte  in  demity  between  water  and  alcohol.  Let  a 
tiiixturo  of  alcohol  and  water  be  pre[>arcd.  having  precisely  the 
d>  bMty  of  olive-oil,  and  lot  about  a  cubic  inch  of  the  latt«r  be  gently 
introduced  into  it  vith  the  aid  of  a  funnel  or  pipette.  It  will  as- 
name  a  ^berical  form,  and  if  forced  out  of  this  foiTu  and  then  left 
(ma,  will  slowly  oedUate  about  it;  for  example,  if  it  has  been  com- 
pallad  to  aBBume  the  form  of  a  prolate  spheroid,  it  will  pass  to  thv 
ohlala  fona,  will  then  become  prolate  again,  and  so  on  alternately, 
^■»*TOfng  however  nior«  searly  sj>herical  every  time,  because  it« 
■MVBnotla  are  bindervd  by  friction,  until  at  lattt  it  coincs  to  rest  as 

UO.  OapitIari^y  fumiAhw  uo  cxccptioa  to  tlie  principle  that  the 

frawie  in  a  liquid  is  the  same  at  all  pointa  at  tlie  eame  depth. 

VW  tbe  tne  surface  within  a  tube  ia  convex,  and  is  consequently 

ilipTMud  bdow  the  plane  Gurfaoe  of  the  external  liquid,  the  prca- 

*>n  bMOnwa  suddenly  ^-at«r  on  passing  downwards  through  the 

*<ipti4eial  layer,  by  the  amount  due  to  tJie  curvature.    Below  tliis 

■t  iBcnaaea  regularly  by  the  amount  duo  to  the  deptli  of  liquid 

>'ld  through.     The  pressure  at  any  point  vertically  under  the  oon- 

"^  tncbiseus'  may  be  computed,  either  by  taking  the  depth  of  the 

point  balow  the  general  free  surface,  and  adding  ntmoHpheric  prc»- 

"****b>  the  pressure  due  to  this  depth,  according  to  the  ordinaty 

prioaplm  of  hydro«t«Uai,  or  by  taking  the  depUi  of  the  point  below 

*^**t  poiot  of  the  meniiwus  whicli  ia  vertically  over  it,  adding  the 

I'*^iaiir«  due  to  the  curvature  at  this  point,  and  also  adding  atmo- 

^fcuki  pressure. 

Vltoi  the  free  surface  of  the  liquid  within  a  tube  is  concave,  the 

t***nm  suddenly  diminishca  on  pnjwing  <)ownwajd»  through  the 

**if«fieial  layer,  by  the  amount  due  to  tJie  curvature  as  given  bj' 

^»>niil»  (1);  that  is  to  aay,  the  pressure  at  a  very  small  deptli  is  less 

^*ia  atiucMpbi-ric  pressure  by  this  anioimt^     Below  tbifi  dejith  it 

^■on  inereastng  according  to  the  usual  law,  and  liecomes  equal  to 


NrfMe  «f  llw  liquid  In  •  tub*  U  twuftl);  dcnotoj  by  the  nune 
^,  whiah  denoUi  >  (arm  »p(tad»auly  T«MBiblin|[  tbM  i>l  > 
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atmospheric  preesure  at  that  depth  which  ccnrespcmds  with  the  level 
of  the  plane  external  surface.  The  pressure  at  tmy  point  in  the 
liquid  vritliin  the  tubo  ciiii  thcrvfon)  be  obtaintKl  eiUiur  hy  suljtnict- 
irig  from  atmosplicne  pressuro  the  prcs-^urc  due  to  the  elevatiutt  of 
the  point  above  the  general  surface,  or  by  adding  to  atmo^heric 
preflsura  the  pressure  due  to  the  depth  below  that  point  of  the 
loeniscua  which  is  on  the  same  vertical,  and  subtrm^ting  the  pressure 
due  to  the  curvature  at  this  point 

These  rules  imply,  as  has  bct-n  already  rt-markcd,  that  the  curva- 
luro  b  different  at  dincrent  points  of  the  mi'iiisciM,  being  (^rvuitcsi 
where  the  elevation  or  depression  is  grcatMt,  namely  at  tliv  v 
of  the  meniscus;  and  least  at  the  point  of  least  ele\'atiaa  or 
siob,  which  in  a  cylindrical  tube  is  the  middle  point. 

The  principles  just  stated  apply  to  all  cases  of  capillaiy  elevatkii 
and  depression. 

They  enable  us  to  calculate  the  force  with  which  two  parallel  v 
tical  plates,  partially  immersed  in  a  liquid  which  wets  tlicui,  aiwH 
I'l^ged  towards  each  otJier  by  capillary  action.  The  pmwure  is  thaJ 
(Kirtion  of  liijuid  derated  lK;t\vt!en  IIk'Id  is  l(»s  than  atmoaphuiiHi 
and  therefore  b  in.4ufficient  to  balance  the  atmo^heric  prono^B 
which  is  exerted  on  the  outer  faces  of  the  platesi  The  averagv  ptiMM 
sure  in  the  elevated  portion  of  liquid  is  equal  to  the  actual  pceMa-^Mi 
at  the  centre  of  gravity  of  Uie  elevated  area,  and  is  lees  than  ftn^  » 
spheric  pressure  by  the  pressure  of  a  column  of  liquid  whose  haiff^ 
ia  the  elevation  of  this  oentre  of  gravity. 

Eren  if  the  liquid  be  cme  which  does  not  wet  the  platea,  they 
atill  be  ui^d  towards  each  other  by  capillary  action;  for  the  is 
faces  of  the  plates  are  exposed  to  merely  atmospherie  prwsuro  O'V 
the  area  of  depression,  wtiile  the  corresponding  portioos  oC  the 
temol  faces  are  exposed  to  atmoejJieric  pressure  increased  by 
weight  of  a  portion  of  tlio  liquid. 

Those  principles  explain  the  apparent  attraction  exhibited 
bodica  floating  on  a  liquid  which  eitber  weta  tbcm  l>oih  or 
neither  of  them.    When  the  two  bodies  are  near  each  othar  tU^ 
behave  somewhat  like  parallel  plat<»,  the  elevation  or  dopresaion 
the  liquid  Iietween  them  being  greater  than  on  their  reawto  aides. 

If  two  floating  bodies,  one  of  whieli  is  wetted  and  the  other 
wetted  by  llio  liquiil,  come  near  together,  the  elevation  and  dcpies"- 
tion  of  the  liquid  will  be  less  on  the  near  than  on  the  remot«  lidoK, 
and  ap|urvnt  repulsion  will  be  exhibited. 
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I  In  atl  CAMS  of  capillary  elevation  or  depression,  th«  solid  is  pulled 
Pownwardb  or  upwiirxU  with  a  force  equal  to  that  hy  wlijch  tlie 
lifiuid  is  raiMd  or  doprcssed.  In  applying  the  principle  of  Archi- 
■nedes  to  a  aoUd  partially  immflRwd  in  a  liquid,  it  is  therefore  aer«»- 
•iry  (aa  w«  have  aeeoi  in  §  159),  when  the  solid  produces  capillary 
de{>renion.  to  reckon  the  void  space  thus  crcatod  as  part  of  the  dia- 
plaennont;  and  when  Uie  flolid  produces  capillary  elevation,  the  fluid 

rniied  above  the  general  level  must  be  reckoned  aa  -nttgatine  dixpUtcc- 
ttoit,  tending  to  increase  the  apparent  weight  of  the  solid. 
UL  Thm  far  all  the  ctTccts  uf  cupttlary  action  which  we  have 
iMBtioDod  arc  connorcteO  witli  Uie  curvature  of  the  superficial  film, 
xxl  licpcnd  upon  the  principle  that  a  convex  surface  increases  and  a 
mDoavg  «ur&oe  diminishes  the  pressure  in  tlie  tnt-'Hor  of  the  liquid. 
Sot  there  u  good  reaaon  fen-  maintaining  that  wlialever  be  the  form 
ot  the  free  surface  there  is  always  pressure  in  (he  interior  due  to 
the  taolecular  action  at  this  surface,  and  that  the  pressure  due  to  tlie 
■MTrBtore  of   tlio  surface  is  to  be  added  to  or  subtracted   from  a 
"•flnite  amount  of  pressure  which  is  independent  of  the  curvature; 
'Ukd  depends  only  on  tJio  nature  and  condition  of  the  liquid.    Tim 
*ttd«od  follows  at  onee  tmm  the  fact  tliat  capillary  elevation  can 
**it^v  place  in  vacuo.     As  far  aa  the  principles  of  the  preceding 
P^fspaphs  are  amoemed,  we  Rhould  have,  at  points  within  the 
*>wvat4>d  ooliunn,  a  pressure  less  than  tliat  existing  in  the  vacuum. 
TKia,  huwever.  cannot  be;  we  cannot  «oi>ceive  of  negative  pressure 
**i«tlag  in  the  interior  of  a  liquid,  and  wo  are  driven  to  conclude 
^l^*t  the  elevation  is  owing  to  the  excess  of  the  pressure  caused  by 
*^  plane  surface  tn  the  containing  vessel  above  the  pressure  caused 
'*y  the  concave  surface  in  the  capillary  tube. 

Tlipre  are  some  other  fRd«  which  seem  only  explicable  on  the  same 
8*iMmU  priudple  of  interior  pressure  due  to  surface  action, — facta 
*tUch  attracted  the  notice  of  some  of  the  earliest  writers  on 
PunutuUcs,  namely,  that  siphons  will  work  in  vacuo,  and  that  a 
"I'i'umi  of  mercury  at  lea»t  75  inches  in  length  con  bo  sustained — aj* 
"  ^  stmospberio  prcnure— iu  a  barometer  tube,  the  merctiry  bein^' 
"*hM  and  conipl^'tcly  filling  the  tube. 
.  UtS.  We  have  now  to  notice  certain  phenomena  which  depend  on 
H  'm  ditbrenoe  in  the  sniface  tensions  of  dltlerent  liqui<Is.  or  o(  tlic 
H      MM  Uqoid  in  difTerent  states. 

M        Ut  a  thin  layer  of  oil  bo  spread  over  the  up|>er  surface  of  a  thin 
FV     Am  uf  hrnss.  and  let  a  lamp  be  placed  underneath.     The  oil  will  be 
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ubserved  to  nin  sway  from  tJie  spot  directly  over  the  flame,  even 
though  this  ftpot  bo  somewhat  lower  than  tho  rest  of  tlie  shoot 
This  effect  is  attributable  to  the  excess  of  surface  teiision  in  thit  cold 
oil  above  tJie  hot. 

In  like  tnaimcr,  if  a  drop  of  nicuhul  be  introduced  into  a  thin 
lnyar  of  watur  spread  over  a  iiL'iirly  horixoutul  Hurfave,  it  will  be 
dnwn  away  in  all  dirocUons  by  tlie  surrounding  wat«r,  leftving  a 
uoarly  diy  spot  in  the  space  which  it  occupied,  in  this  experiment 
the  water  sliould  be  coloured  in  order  to  distioguiah  it  from  the 
aloohoL 

Again,  let  a  very  small  fragment  of  camphor  be  placed  on  the  sur- 
face of  hot  water.  It  will  be  ob8(;r\-cd  to  rush  to  and  fro,  with 
friN]ucDt  rotations  on  its  own  axis,  sometimes  in  om  direcUoo  and 
sijiuetJmcs  in  the  Dppo«it«.  Thcsa  effects,  which  have  boon  a  fioqTMni 
tiubject  of  discuKSJon,  iire  now  known  to  be  due  to  the  dintinutitm  of 
the  surface  tension  of  the  wnt^r  by  the  eampbor  which  it  takes  up. 
Superficial  currents  are  thus  created,  radiating  from  the  fragment  of 
camphor  in  all  direcUtms;  and  as  tho  camphor  dissolvw  more  quickly 
iu  ftotnn  [tarts  titan  in  othorv,  tlic  ciim-nts  which  are  formed  am  not 
o()ual  in  all  directions,  and  ihc»6  whidi  are  most  powerful  proi'mtl 
aver  the  others  and  give  motion  to  the  fragment. 

The  values  of  T,  the  appiarent  surface  tension,  for  several  liqmda. 
are  given  in  the  following  table,  on  the  authority  of  Van  der  Mcaa- 
bruc^he,  iu  luilligrainmos  (or  thouMiidUi  pai-to  of  a  gnmine)  per 
inillittH>trv  of  lengtti.  They  can  bo  reduced  t4)  grnins  per  inch  of 
length  by  uulUpIying  tliein  by  '392;  for  example,  the  surface  law 
sion  of  distilled  water  is  7*3  x  '302  =  2-Sti  grains  per  inch. 

DMUU  nur  at  M*  Oml.   .    ,    .    Tt 

aoliiburia  ctlwr, I'SS 

AlNolMt  aloclMl 3-8 

OUtmII, 9-Jt 

Uumttj. I»i 

DfaulpUda  of  wbcn. 3-S7 

193.  Endosmose. — Capillary  phenomena  have  undoubtedly 
conni'ction  with  a  very  important  property  discovered  by  I>utrodMt, 
and  called  by  him  eniloavioae. 

The  e7id09mtmut4tr  invented  by  him  to  illustrate  thts  jAenomenoa 
oonaiata  of  a  roservoir  v  (Fig.  102)  ckwed  below  by  a  membrane  fta. 
and  tonninating  abovo  in  a  tube  of  coiuidarabic  length.  This  nsar- 
voir  b  Rllttd.  suppose,  with  a  NoluUon  of  gum  in  %\'aU<r.  and  ta  kept 
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itiuuened  bi  wat«r.  At  tlie  i^nd  of  Homc  Uiu«  the  level  of  the  liquid 
in  tlie  tube  wUI  be  olMerved  to  have  risen  to  »,  suppose,  and  at  the 
wow  time  traces  of  gum  will  be  found  in  tlio  water  in  wliich  the 
rwerroir  is  immeised.  Hence  vre  conclude  that  the  two  liquids 
Itave  pcnetnted  through  the  niumhrHJiu,  but  in  different  projiortioiiit; 
and  this  is  what  is  called  eudusmoso. 

If  inatoad  of  a  Kolutiou  of  gum  wc  employed  water  containing 
albaiaui,  nigar,  or  gelatine  in  HolutJori,  a  similar  result  would  ensue. 
Tlw  nMNnbrane  may  bo  replaced  by  a  slab  of  wood  or  of  poroua  clay. 
Phyaiokigists  liavo  jwttly  attached  very  great  importance  to  this 
^neavtrj  of  Dutrochet.  It  explaiiu,  in  fact,  the  interchange  of 
li>|uida  which  is  continually  taking  place  in  the  tissues  and  veeaels 
uf  lti«  animal  system,  as  well  as  the  abtwrptiun  of  water  1^  the 
■pongiolee  of  rooto,  and  several  similar  phi-iiomi'ntu 

As  regards  the    power  of    passing  through    |M)rous  diaphragn», 

Unham  has  divided  Hubstonces  into  two  classes — e7y»taUaids  and 

epUoiiU  (c^Uif.  glue).    Tlie  former  aru  »U8> 

iptlble  of  cryittallization,  form  .lotutions  free 

from  riaooaity,  are  sapid,  and  possess  great 

powen  of  difiiision  through  porous  septa. 

The  latter,  including  gnm,  starch,  albumen, 

Itt^  an  diaimcteriaad  by  a  remarkable  slug- 

j^Anua  and  indlapoHition  buth  to  ditruNion 

wi4  to  cryvtalUzatioii,  luid  when  pure  are 

iuariy  taotolem. 

DiiTaoioo  also  takes   place  through  ool- 

AiNjal  diaphragms  which   are  not   p<noii8, 

'^  lUapbmgw   in    this   case  acting   as   a 

*o^%'(at,  and  giving  out  lh«  dissolved  matc- 

'^^■J   oo  tlie  other  idde.    In  the  i)ui>ortant 

'"'■ovMi  of  modem  ehfuiintry  called  diaiytit, 

"^^iae  utgtvdientA   are   separated    firom  or- 

*****!.    Mibatanees    with     which    they    are 

™^»uled,    l^    interposing    a    colloidal    dia- 

t~^*'>gm   (Do    Ia    Rue's    parchment    paper) 

™*-"wocn    the    mixture    and     pure    wat«r, 

^  **%  otfcanie  mattm,  being  colloidal,  remain 

"^"^d,  while  the  *alU  !«»<   through,  and  can  be  obtained  in  a 

***riy  pan  state  by  ©vibrating  the  water. 

'law's  are  also  capable  of  dlffiisioD  through  fliaphnigm»,  whether 
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porous  or  colloidal,  the  rate  of  diSusion  being  in  the  former  case 
inversely  as  the  square  root  of  the  density  of  the  gaa.  Hydrogen 
difiiises  bo  rapidly  through  unglazed  earthenware  as  to  afford  oppor- 
tanity  for  very  striking  experiments;  and  it  shows  its  power  of 
traversing  colloids  by  rapidly  escaping  through  the  eidee  of  india- 
rubber  tubes,  or  through  films  of  soapy  water. 


CHAPTER    XVIL 
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194.  ExpsBstbility  of  Oihb. — Osseous  bodies  potnesti  a  number  of 
proparliea  io  common  with  liquids;  like  them,  they  transmit  preti- 
ntres  «ntiro  aul  in  oU  directions,  according  to  the  principle  of 
l*Meftl;  bat  they  ditfor  essentially  from  liquids  in  tJiu  permanent 
nipolnre  force  exerted  between  tJieir  molecules,  in  virtue  of  which 
a  BukM  of  gas  always  tends  to  expand. 

This  proporty,  cnllud  the  expansibility  of  gasea,  is  commonly  illus- 
trated by  the  following  experiment: — 

A.  Uulder,  nmrly  empty  of  air,  and  tied  at  the  neck,  b  placed 

<ud«the  receiver  of  an 

^puop.     At  firet  the 

■^  which   it   oontains 

^■d  the   ttxtemal    air 

"tft»*  eadi  other   by 

^"v  toutaal  presiiure, 

y^  >re  in  ti<|uilibri(un. 

^*  if  we  proceed  to 

***W«    the    receiver, 

***<l  Uioa  diminish  the 

f***>tul    prfwore,  the 

"*»4«r  gtwiuaUy  be- 

'  '"'AcB  inflated,  and  thus 

"**'>lf«8t«  tJie  tendency 

*"  ^  gu  which  it  con- 

***■*  to  occupy  a  grratcr 

Hflvsver  large  a  veaael  may  be,  it  can  olwayn  be  6llcd  by  any 
fooaUy  whatever  of  a  gas.  which  will  always  exert  pre&buro  AgniiLtt 
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the  BtdcA.     In  coiwoquonce  of  this  property,  the  iianie  oE  etoMtic 
fluid*  is  ufti^n  gives  to  gasea. 

193.  Air  has  Weight. — The  opinioa  was  long  held  that  the  air  waa 
without  weight;  or.  to  speak  more  preciaely,  it  never  occurrwl  to 
any  ot  the  phUoBophers  who  preceded  Galileo  to  attribut«  any 
billuimci''  in  natural  phenumcun  to  tli«  weight  of  tliu  air.  And  m 
ihut  iiifluviicv  is  ivally  of  the  tirst  importance,  and  coines  into  play 
in  luiuiy  of  the  couinion«»t  phenomena,  it  ver^*  naturally  hapi>ened 
that  tlie  di.'tcovery  of  tlie  weight  of  air  foruied  the  commenoenient 
of  the  modern  revival  of  physical  science. 

It  appears,  however,  that  Aristotle  conceival  the  idea  of  the 
possibility  of  air  having  weight,  and,  in  ordiir  to  convince  hitnseU 
on  ihiit  point,  he  weighed  a  skin  inflated  and  collapited.  Am  he 
obtained  the  same  weight  in  li»tJ)  ctuea,  bo  reliuqui.-died  the  idea 
which  he  had  for  tlie  moment  entertained.  In  fact,  the  experiment, 
as  he  piTtoriued  it,  could  only  give  a  negative  result;  for  if  the 
weight  of  the  skin  was  increased,  on  the  one  hand,  by  the  intro- 
duction of  a  fr«Bh  quantity  of  air,  it  was  diminisliod,  on  tltu  other, 
by  iJie  oorrcitpondiitg  increikse  in  the  upward  pressure  of  the  air 
displaced.  In  order  to  draw  a  certain  conclusion,  the  experiment 
should  be  |ierformed  with  a  vessel  which  could  receive  within  it 
air  of  diflonint  degrees  of  density,  without  changing  Ita  own 
volunio. 

(laljleo  ia  8aid  to  tiave  devised  the  experiment  of  weighing  b 
globe  filled  iiltoniately  witli  ordinary  air  and  with  comprewed  air. 
As  the  weight  is  greater  in  the  lattx^r  case,  Oalileo  should  hav<< 
draum  the  inference  tliat  air  is  hca\'y.  It  does  not  appear,  however, 
thnt  the  importance  of  this  conclusion  made  much  impfMsion  oo 
liiui,  for  he  did  not  give  it  ai>y  of  thorn  d«TetopmcntB  whicb  might 
have  been  oxp«ct«d  to  present  themselves  to  a  mind  like  hia. 

Otto  OtKTicko,  the  illustriouti  inventor  of  the  air-pump,  in  1050  ' 
purfoniK-d  tlie  following  experiment,  which  i»  docinive: — 

A  globe  of  glass  (Fig.  104),  fumLihed  with  a  stop-oock,  and  of 
a  sufficient  capacity  (about  twelve  litres),  is  exhomted  of  air.  It  )> 
then  suspended  from  one  of  the  scales  of  a  balance,  and  a  weight 
sufficient  to  produce  equilibrium  is  placed  in  tlio  other  scale,  lie 
Htop-cock  is  then  opened,  the  air  rushes  into  the  globe,  and  the  btam 
\»  obsnrvod  gradually  to  incline,  so  that  an  additional  weight  is 
required  In  tho  other  scale,  hi  order  to  re-establish  equilibrium.  If 
the  capacity  of  the  globe  is  12  litrua,  about  15-5  giammee  will  be 
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tieed«<l,  which  givtw  TS  t^minmu 
a  litrn  (or  1000  cubic  ci'miiiicln.'d) 
of  lur,' 

It.  in  perfornung  thLi  experiiiK*nl, 
we  t*ke  particular  pr«^aution.s  to 
tutfon)  its  precbioD.  m  we  sliall 
explain  In  tbu  Wtk  ud  Huat,  it  will 
b*  fuund  that,  at  th«  tttiupi-ratui'v 
of  fnetiog  wat4:r,  and  umler  tlio 
proMize  of  oii«  attiKwpl>cri;.  a  lilro 
of  pvrfectly  diy  air  w«iglin  1'2!)3 
gnmuw.'  Under  tb««e  drcuiD'- 
•tancea,  the  ratio  of  the  weig:ht  of 
»  voloma  of  air  to  that  of  an  equal 


as   the  approxiiiuitw   weight  of 


volom«  of  wat«r  is 


Air 


I-IM 1^ 

lOOO  ~  773* 

» tltm  773  times  lighter  than  wat«r. 

By    repeating    this    experiment 

with  other  gases,  we  may  dutvmiine 

tb«ir  weight  as  compared  with  that 

of  aix,  and  tho  a1»ottito  weight  of  a 

litn-  ut  i-aeh  of  thvm.    Tlitu  it  i* 

Iwmd  that  a  litre  of  oxygen  w«igh« 

Vt3  gTmmtn<i,  a   litre  of  ciirbonic 

h^divgea  0*080  gnunuie,  ix. 


n»  tU.-W*lfbt<tAlr 

aetd   1'97  gniDuiio,  a  litre  of 


'  A  oMt  loot  of  alt  In  otdiuay  c)i««iMtaM«*  ««glu  tbout  ku  mmer  and  >  •lunrtta. 

'  !■  MrictaoM^  Ui*  wf«f;hl  !a  pamoM  «[  •  lilrv  at  air  uiijor  tiiu  proHur*  at  'tO 

**l>aiUM  oi  marauy  i»  dICeraat  I&  dtSannt  IgcalltiM.  brias  propoKional  to  tiM  Islcii- 

"^  <<  jpwTi)]:— *dt  bccAiiM  ib«  ticM  at  gnrit;  oa  tbr  litre  <^  ab  ti  difletent,  for 

_^"*li  Ibb  ta  traa,  it  iIm*  not  aSeet  Uia  numnrical  talus  iit  tba  inight  when  4l>Md  In 

,  (net  boEaiM*  Um  praaurs  4^  7C0  mllluiwtra  el  mctsof^  Tuwa  M  the  tuUoilly 


*^*lij,  «•  Um*  Man  air  U  owpw—cd  InM  tb«  vpao*  of  a  litm  m  gmvliy  IsoreoaciL 


^1  *ji. 


"■I 


^**  mt^  Ja  praaMa  la  anolW  aaaa  tw  llie  »aii.    Ha  foros  of  gtatitj  on  a  UUa 
.  ^'^  undar  Uia  ptOMum  «i  TOO  nJIUMctna  U  prapaKkauJ  to  Hw  wjimk  i4  tba  intatadtT 

^  ^^*«  I*  an  Kie«lkM  aaainplii  «J  (be  arabtcultr  ■>'  *'■"  '"otd  WHlAl^  wUok  aonutlanc* 
^^1*^  a  1—.  aouKtlnca  a  tarto ;  and  tbou^  Um  dUttnctka  la  of  nopiMtlaal  Inpottantv 
"*t  a*  *■  oonfiM  oui  atCanliflB  to  om  teoalitf.  U  caanoC  ba  tioglaeud  whan  dilTvraat 
^^IUm  an  ei«i|MMiL 

t»Mll>  iMiralnatluft  tt  tlw  vvlg^t  of  m  Utn  «f  dry  air  at  ft'  Cant,  nudai  tho 
^**^a*  rf  701  nltUniMra  at  Parii  u  t-'.liHlST  panun*  Oravity  al  Parii  li  to  fntvlty 
**  ^''NWfklt  aa  3tSd  to  3*07.    tb*  <«RMp9mUnii  iiuBib«r  (ut  Ufeonwloh  la  UianioM 
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196.  Atmospherio  Preston. — Th«  atmosphere  encircles  Ui«  earth 
with  a  Inycr  somo  50  or  100  miles  in  thickness;  this  heavy  fluid 
miuta  excrtM  on  the  surface  of  uU  l>o<li&s  a  prc^iirc  entirely  ntulogouii 
both  in  nature  anil  oripn  to  t.hiit  sustained  by  a  hu<ly  wboUy 
immersed  in  a  liquid.  It  is  subject  to  the  fundamental  laws  mon- 
tioned  in  §§  137-139.  The  pressure  should  therefore  dintinish  aa 
we  aseend  from  the  surface  of  the  earth,  but  should  have  the  same 
value  for  all  poinU  in  the  same  horizontal  layer,  provided  that  thi- 
air  is  in  a  state  of  efiuilibritim.  On  account  of  tlie  great  oonipressi- 
bility  of  gft!^.  Uic  lower  layers  are  much  more  donM*  than  the  upper 
one*;  hut  the  density,  like  thi;  proiviure,  i»  conKtoiit  in  valun  for  thr 
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same  horizontal  layer,  llirougliout  any  portion  of  air  in  n  iitJitc  of 
eqailibriuin.  Whenever  there  is  an  ineqoalily  either  of  detuiiy  or 
prasBoro  at  a  given  level,  wind  roust  ensue. 
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We  owe  to  Torriwlli  an  experiment  which  plainly  ahon-s  th« 
pniMlire  of  tbu  stiucwphcri!,  and  enables  ua  to  e»tiiiiati;  ito  intensit)' 
with  great  prDcUioo.  This  oxporiment,  which  was  performed  in 
1(143,  DOS  yetur  after  tbe  death  of  Galileo,  at  a  time  when  the  woif^ht 
aod  pnanin  of  th«  air  were  scarcely  cvoo  suspected,  haa  immor- 
talizod  tbe  name  of  ita  author,  and  lias  exercised  a  mcwt  importaat 
tiifl»(>nce  upon  the  progress  of  natural  philosophy, 

197.  Torricellian  Experimeat. — A  glass  tube  (Fig.  105)  about  a 
qaartrr  or  a  third  of  an  inch  in  diameter,  and  about  a  yard  in  length, 
IK  oompietnljr  filled  with  mercury:  tbe  oxtromity  is  then  stopped 
with  tlw  Anger,  and  the  tube  is  invurt^  in  a  ve^el  containing 
memirjr.  If  ibo  linger  is  now  removed,  the  m'^rcury  will  dcwccnd 
in  tlie  tube,  and  after  a  few  oscillations  will  remain  stationary  at  a 
hei);ht  which  varies  according  to  circumstances,  but  which  is  gen- 
«zally  about  70  contimetres,  or  nearly  30  inches.* 

Tba  column  of  mercury  is  uiaiutAtned  at  tliia  bciybt  by  tlie  pni«- 
iiizo  of  the  atUKMpbere  upon  thv  surface  of  the  mercui^- 
ia  the  VMseL  In  foctv  the  prcitsure  at  the  lew)  ABC!) 
(Fi^.  10€}  must  bo  tbe  same  within  a»  without  the  tube; 
•0  tiiat  the  column  of  mercury  BE  exerts  a  pressure  equal 
to  that  of  llie  atmosphere. 

Accordingly,   we  conclude   from   this   experiment  of 

TomceUi  tJiut  ewry  mr/aee  exposed  to  the  aimwphere 

^ataint  a  normal  pramre  equal,  on  an  average,  to  the 

wjgAl  of  a  cotuvt n  of  mermry  tahote  ba$e  is  thit  $v,rface, 

•raJ  loloM  krij^U  in  SO  indte*. 

ll  b  evident  that  if  we  performed  a  similar  expcri- 

«a«M  with  water,  whose  density  b  to  that  of  mercury  as 

J     =  1$'59,  tbe  height  of  the  column  siistaincd  would  be 

1 3-^9  times  as  much;  that  i8,30xl3-59  inches,  or  about 

fnL    This  is  the  maximum  huight  to  which  water 

b(  raiscal  in  a  pump;  as  watt  ob^rvud  by  Galileo. 

St  psooiml  tbe  hri^hts  of  oolumos  of  ditlerent  liquids 

in  wci^fht  to  a  column  of  air  on  the  same  base,  are 

ly  proi>ortional  to  Uieir  densities. 

18B.  PrcBsure  of  one  Atmospbeie. — WlxaX  is  usually  adopted  iu 

*^^vsle  pbybical  discussions  as  tbv  standard  "atmosphere"  of  prea- 

*^**<  ii  the  pressure  duo  to  a  lu-iybt  of  76  cwntimctrcs  of  pure  mercury 

^^  liw  lamperaturo  zero  Ccntignule.  gravity  being  supposed  to  have 

*  7«  mbUmmm  an  39-922  waha. 
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tlic  same  intenai^  whidi  it  has  at  Paris.  The  density  of  tncrcury  at 
this  temperature  is  13596;  henoc.  when  expresswl  in  grmvitAtioa 
mowuru,  this  pn?ssure  is  76x13-506=1033*3  grammes  per  square 
centJmotrv.'  To  reduce  thb  to  ftb»olut«  mtamire,  wc  muai  maltifJy 
by  the  value  of  g  (the  int^'iisity  of  gravity)  at  Paria,  which  is  y»0-y*; 
and  Uie  rcitiiU  is  lOlSGOO,  which  is  the  int«tuiity  of  pressure  m 
dynes  p<>r  square  centimetre.  In  aonie  recent  works,  the  round 
number  a  million  d^-nos  p«r  square  oentimetre  has  Iwcn  a<loptod  as 
the  Ktandard  atmosphere^ 

199.  Pascal's  Experiments. — Tt  is  supposed,  thutigh  without  any 
dociiuve  proof,  that  TorriccUi  derived  from  Oaliloo  the  definite 
conception  of  atmoApheric  pressure:.'  However  this  may  be,  when 
the  experiment  of  the  ItsUaa  philaiopher  became  known  in  France 
in  ICM,  no  one  was  capable  of  giving  the  correct  explanation  of  it, 
and  the  famous  doctrine  that  "  nature  ahhora  a  vacuum,"  by  whidi 
the  rising  of  water  in  «  pump  was  accounted  for,  wa.H  getH>rml)y 
accepted.  Pascal  vnm  the  tlrst  to  prove  inoontestably  thi.'  falsity  of 
this  old  doctrine,  and  to  introduoe  a  more  rational  belief.  For  thb 
purpose,  be  proposed  or  executed  a  series  of  ingenious  experitnenta, 
and  discussed  minutely  all  the  phenomena  which  were  attributed  to 
nature's  abhomtnco  of  a  vacuum,  sliowing  that  (boy  wore  necessMy 
ciiatt-Kiiieiiees  of  the  pruieure  of  the  atmosphere. 

We  may  cite  in  particular  the  obacrx-ation,  mode  at  bis  suggMtioa. 
that  the  height  of  the  meicurial  cotuion  decreases  in  proportion  a» 
we  aacond.  This  beautiful  and  decisive  experiment,  whicli  ix  repeated 
as  often  as  heigbte  are  mcn^mod  by  the  barometer,  and  which  teaTea 
no  doubt  as  to  the  nature  of  the  forc«  which  sustains  the  niereorial 
column,  was  perforiiK-d  for  the  tint  time  at  Clcnnout,  and  on  the 
top  of  the  mountain  Puy-de-Dcmie,  on  the  Iflth  Sfpttmber,  lfi4S. 

300.  The  Baromettr.— By  fixing  the  Torricellian  tube  in  a  pennan- 

'  TUi  ii  ftlMtit  H"?  poosdi  par  tqnaM  taMb. 

*  la  the  (owntaiaa  c<  Uie  Onnd-dvka  nt  Tatcaaj  nine  innqN  vcre  r«qtdNd  to  nlw 
wMmr  tram  •  ibpU  el  (ran  4»  to  M  fMk  WIimi  Ih*M  wan  •maktd,  it  aw  found  Ito 
Af  vnoM  IkM  dnw.  GUUm  itiutmlaei  Um  Mf^t  to  wUcfc  tlw  vMw  itv  In  ttfk 
imh»,  M»d  laaaA  it  to  Im  abonl  83  (Ml;  and  m  h*  had  obHrrMl  and  prand  tlul  4lr  W 
wdgU.  ht  rMdUy  asaevlnd  that  It  wu  tbe  wttgfct  el  >  «a|yMM  d  tin  *Uno*|4««  *U«h 
witrilwd  Un  vbIm  U  tkl*  kel«rlrt  in  tb*  pomt*.  N«  Tvrjr  sdul  neiillM,  IiaaptWt  MM 
■apMtod  faom  thb  iimanrj,  m^  M  » later  iki«.  T«grriotIII  uAifiri  and  fttMlj  MMadad 
it  Dadring  to  r«i>*at  Uw  «xp«laM«it  In  a  mot*  ocnTanUnt  lam,b*twBwiv«d  UMiihN 
nf  mtNtttvlJiiit  r<«  mtsr  a  U^atd  (kat  b  II  tinkca  m  bmvy,  namely,  mumur,  ti^t^ 
iM^tataf  th«l  ■  oahiMD  1)1  oiM-fontMMh  of  IliB  langdi  vo^d  tialaiiD*  tb«  uia»  «kbk 
HMttosd  SS  rati  uT  watw  (lUot,  BUgr^fJut  Viurffttttt,  antela  "TorriMlU  "),—/>. 
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«nt  poNtiod,  wfl  obtain  a  invans  of  mrafiuring  the  amount  of  the 
Mtmamphnie  pmmuv  «t  any  nioinvnt;  oiid  ihU  pi'etteure  may  Iki  ex- 
prvned  by  the  height  of  Uie  colamn  of  mercur)'  which  it  AU|ipor1«. 
Hach  an  instrument  in  mtlnd  s  barometer.  In  urdi>r  tlmt  ite  ii»lic-n- 
tkiOB  nifty  be  accurate,  iieveral  precsutiona  must  lwul6<cr\-ed.  Id  tln- 
fiiBt  place.  Uie  liquid  oscd  in  different  bnTometon 
must  be  identical;  for  the  height  of  tlie  cohiniii 
sapported  oaturaUy  depends  upon  the  dennity  of 
tbr  liquid  employed,  and  if  this  varies,  the  obser- 
vktiotw  mado  with  diffisroat  instrumonte  will  not 
b«  eonponble. 

Tbu  loereury   employed    b   eh^niically  pure. 

btiag  generally  vaade  no  by  washing  with  a  iIHiito 

•dd  and  bj  snbsequnnt  distillaUon.     The  l<nro< 

metaic  tube  ia  filled  nearly  full,  and  is  then  placed 

upon  ft  aloptng  fumaou,  and  heated  till  the  mer- 

ctuy  boib.    The  object  of  tlits  process  is  to  expel 

tk«  air  and  iiioi^tuni  which  may  be  contained  in 

Um  uutmtHal  column,  and  wliidt,  without  this  pl-t^- 

faatiMi.  wookl  gradaally  aecciid  into  thi-  vacuum 

afaovD^  and  cauw  a  downward  preeourv  of  un- 

BKtab  amount,  which  would  prevent  thu  mercury 

fMu  rialDg  to  Ui"  proper  height. 

Tlw  noxt  stop  i»  to  fUl  up  the  tube  with  puro 

••tcvry,  taking  core  not  to  introduce  any  bubble 

of  air.    The  tube  is  tlien  inverted  in  a  cist«m 

fikww'piK  ooDtaining  pare  mercury  recently  Irailed, 

**>«j  u  tirmly  fixed  in  a  v«rUml  position,  aa  sltown 

"•     >V  107. 

yii  liarc  thus  a  &xed  barom«t«r;  and  in  order 

*^      tKvrioin   the  atmoaphcric  pruuure  at    any 

**■  >iuuU,  it    in   only   neCtt«ary   to  uieasure    the 

~*^<ht  of  the  top  of  tlie  oolumn  of  mercury  al-ove 

**'*^  atUeo  at  Ui«  unuxiDry  in  tlie  cistern.    One 

**^*U»d  of  doing  thia  ia  to  employ  an  iron  rod,    "^jii u'^„^!S'£lU  "■ 

^^arloBg  in  a  Bcmw,  and  fixed  vertically  abovo  llic 

''^**f»n<  of  the  mercury  in  tlie  dish.     Th«  vxtremitim  of  Uiiit  rod  are 

'f*'*fcii«d,  and  thii  lowtT  i-xtn-mity  being  brought  down  to  touiJt  the 

^'Hfwo  of  til"  Ufjuid  l<elow,  tlic  di»taiioe  of  the  uppi>r  oxtromity  (n«n 

^  bip  of  the  column  of  mcreur}'  ia  uieainired.     Adding  to  this  the 
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luugth  of  the  rod,  which  liu  previotuiljr  bveo  dvUinniucd  oooe  for 
lUI,  we  h&ve  thu  barometric  hdighL  This  moAHurcintint  amy  be 
L*f1ected  with  grot  prectaion  by  nieuu  of  Uie  cathotomoter. 
201.  Cathetometer. — This  instrument,  wliich  is  so  frequently  em- 
ployed in  physics  to  mcosuK  tin- 
vortical  disUoco  bvtwoen  two  poiatM, 
was  invented  by  Dulon^  And  P«tiL 
It  cunj(iKt«  ciw.^ntially  (Kig.  10S)of 
a  verticftl  «c»lo  divided  ttiuolly  intu 
half  tnillinietrcA.  This  scale  form* 
{lurt  gf  a  bnuts  cylinder  cajiablo  of 
turning  very  ecuily  about  a  stroo;; 
flteol  kxis.  This  axis  is  fixed  on  ■ 
pedestal  provided  wiUi  tiir«o  levellioj^ 
Hcrvws,  and  with  two  Bpirit-levula  at 
ri^ht  angles  (o  eocb  other.  Along 
iJio  Mole  movos  a  sliding  framo  carry- 
ing a  telescope  furnished  with  ctcms* 
win»,  that  in,  with  two  verj-  fini; 
tJireada,  usually  sjuder  lin«s,  in  thi> 
focus  of  the  eytHpicce,  whose  point  uf 
intersection  servos  to  determine  tits 
line  of  vision.  By  means  of  a  danip 
and  slow-inotion  screw,  the  tdswope 
oan  be  fixed  with  f^^'at  predsioo  at 
any  required  height.  The  telasoops 
is  aUo  provided  with  a  spirit-lml 
and  adjusting  screw.  Wbea  tbe 
a])|)amtU8  is  in  correct  adjustnetit. 
Uiu  lint)  of  vision  of  the  C«lesoope  io 
horizontal,  and  the  gmdiiat^xt  scale  t» 
vertical.  If  then  wu  wi^h  to  incWRUV 
tlie  ditl'crenoo  of  level  between  two 
points,  we  have  only  to  sight  than 
successively,  and  me«Auro  tlie  '"-tUTntt 
passed  over  on  the  scale,  which  is  done  by  means  of  a  vtrikkr 
attached  to  the  sliding  frame. 

SOS.  FortiB's  Barom«tsr.~~Th«  barometer  just  described  is  inteodMl 
to  bo  Axvtl;  when  porubility  is  requtrod,  the constraction devised  by 
Fortin  (Fig.  lOfl)  is  usually  employed.     It  is  also  frequently  cm- 
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for  fixed  fcanimtitera.    Th«  cisteni.  which  is  formed  of  &  tulx* 
''boxwood,  surmounted  by  a  tube  of  glass,  is  clcscd  below  by  a 
piece  of  lettther,  which  can  be  raised  or  lowered  by  means  of  a  screMv. 
This  screw  worka  in  the  bottom  of  a  brass  ca^e,  which  incloses  the 
mtcra  except  at  the  middle,  wlivre  it  is  cui 
away  in  front  and  at  tho  bock,  so  b8  to  leave 
the  •urfacti  uf  tliu  mercury  open  to  view.    The 
Unjiuetric  tul>e  is  encased  io  »  tube  of  brass 
«Uh  two  alita  at  opposite  sidca  (Fig.  110);  and 
itkoo  this  tube  Oiat  the  divisions  are  en^jraved, 
tlw  mro  p<»nl  from  which  they  are  redtoned 
Iting  tite  lower  extnmiiy  of  an  ivory  ]x>iut 
Aud  bi  the  eovering  of  the  mbem.     Tlic  tom- 
pmtitra  of  the  mercuiy,  whidi  is  rL-tjiiirt-d  fur 
°o*  of  the  ODnvctions  mentioned  in  next  soclioii, 
*■  giwn  by  « tlivnnometer  with  itn  bulb  nMliog 
^tpuast  the  tube.     A  cylindrical 
"iidiag  piece  (shown  in  Fig.  110)  jk^  _( 

lurni.iliod  with  a  vernier,'  muvea 
*long  tbi'  tulw  and  enablcii  u«  to 
«lBt«nuine  i}ie  height  witli  gruae 
I**ci«ion.     ItA  lower  edge  in  tlio 
'  of  tlu!  vernier.     The  way  in 
the    barometric    tube   ia 
upon  the  ciatero  is  worth 
In   the   centre   of   the 
"Ppef  aurfaee  of  tlie  eo]>p<'r  casing 
•■"•«*  it  an  opening,  from  which 
"*">  a  sbort  tube  of  tlie  some 
>»*^  liiMd  with  a  tube  of  box- 
wood.     Tho  b«vu»etric  tube  is 
V*4>m1  inside,  and  fitted  in  ^vitb 
*  P<c«  of  chamois  leather,  which 
F'''*«ela  the  mercury  from  issuing,  but  does  not  exclude  the  tur, 
''■■^  pusing  through  tJiu  poruu  of  the  leather,  penetrates  into  the 
°)'<Ri,  and  ao  tnuiisiiiit«  itt  iin.'murc. 
&dbni  talcing  an  (tl«cr\'ation,  Uie  surface  of  tlic  mercury  is  ad- 

'%«*rakr  b  >n  LHtniBcat  tny  Uixdy  ctofJayed  ttv  metmulxig  lb*  (nctloiuof  * 
'■'<'  iBflh  on  anjr  aula.  SnppoM  wa  ham  »  Malv  diviil»<I  into  iiiobMt  uid  uiothm 
■li raldiilMK  "fa"  lud"" 3i¥Meil  Iwte  tea »i|ml  ptt-    If  nowwaiukatlietnilordii* 
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justed,  by  mwas  of  the  lower  screw,  to  touch  the  ivoty  point, 
observer  knows  when  this  condition  is  fulfilled  by  seinng 
i^xtreinitj  of  the  point  touch  its  iniBg*^  in  the  niorciiry.  The  dliding 
pieoe  which  earries  the  vernier  is  then  raised  or  lowennl,  until  its 
base  is  seen  to  be  tan^ntial  to  the  upper  surface  of  the  mercurial 
column,  as  shown  in  Fig.  110.  In  making  this  adjustment,  the  back 
of  the  instrument  hIiouM  bo  turned  towards  a  good  light,  in  ordvr 
tliat  the  ohwrver  iniiy  l>e  certain  of  the  ]>a>(itioo  in  which  th«  light 
i«  just  cut  off  «t  the  summit  of  the  convexity. 

When  tJie  instrument  is  to  he  carried  from  place  to  plooc,  preeut- 
tioDB  must  I>o  tAken  to  prevent  the  mercury  from  hHmi)ing  against 
the  top  of  the  tube  and  breaking  it.  The  screw  at  the  bottom  is  to 
be  turned  until  the  mercmy  reaches  the  top  of  the  tube,  and  the 
instrument  is  then  to  be  inverted  and  carried  upside  down. 

We  may  hero  remark  that  tiio  goodness  of  the  vacuum  in  a  bai^ 
ometer,  can  bo  tested  by  tlie  sound  of  the  mercury  when  it  strikes 
the  top  of  the  tube,  which  it  can  bo  mailc  to  do  either  t^  semring 

t^Otr  (mK  wfclch  ii  e>I1«d  die  Tornipr.  ci'iticlde  wiUi  one  of  thn  dlvWoM  la  llw  maim  M 
lathM,  M  «Mih  dtirUon  of  tii«  remln  li  ^,  of  ui  tnoli,  it  i>  cvidMt  Ikwt  the  lot  4h 
Ml  tlw  Mai*  ^U  ba  A  <*'  *"  la^  bqrond  tb*  fins  dlvbim  on  tb«  vmthr,  tfc< 
tb«Mda  A  bajoni!  til* MOond  «a  die  votnlcT,  tndMiminitfl  tlunlnlh«B  Ihoi 
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«(U  aiuily  mIbsM*  wUb  lh»  tcnUi  on  iLe  rtnJer.  SappsM  nut  that  in  umtmi^  ^j 
Imgtb  we  find  Ilut  iu  extianit;  Um  Iic*we«i  Uia  <1«kt*(M  &  and  4  on  tk*  nalat  m  Wi^ 
iha  Mn)  "l  Um  TuniMr  ()|ipiajt«  th*  vilnim!t>  cJ  th*  luijith  to  be  aM^vvd,  and  »lwm 
what  dlitalon  an  the  T(nU«T  lolnddca  vUh  nam  d  Ilia  4irtiioiu  nn  th*  •eak.  Wa  m*  la 
ttw  Agan  that  H  b  ttw  nvnitli,  and  Ihw  w«  «onelDd*  tiiat  th*  fractfajA  raqvijad  ii  A  d 
an  inch. 

II  tha  Tcnbreomuledot  19  Incbei  dJTided  tnto%iM{iial  pait^  it  would  road  (oUm^ 
olaoioohi  fcmUMnfaatinkiltothapnd«ioathMeanthatb*«bUdnad.    .AaaxMlwte. 
ddnoeoladltMoii  on  tbannlar  with  ana  on  tha  aeala  adiloa  or  m*m  Inhia  |dari.  —I 
wn  auMl7  lalw  tba  dltiiloai  wfcldi  appioaebti  ncarcat  to  tUa  ocfaddonoai  ao  tkal  what 
(be  ■Maiawua  feMvacn  tha  JayrMa  m  Uw  Taniiar  and  tb«aa  oo  tha  toala  i*  vtfj  muJL . 
Ihwa  m^  ba  ••  uadt  aniwiuiiiv  In  ibia  aalaclian  m  to  nnUil^  Iha  Ibaiiiillial 
irf  \\m  iiMli  wl    V«iDlcn  ue  »l»ogmplojadtoan— miaagtai;  «liM*(bidabdMMV> 
Inlo  haU  digw^  *  mnitr  b  naed  wkiah  givaa  ^  al  m  diTbbMk  on  Ih*  drcle.  thai  li^ 
at  *  hall  dcpM,  OT  «M  BiMita.— />. 
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Hnur  }jj  iDcltning  the  itutnimfiit  to  oae  si(l<>.     If  the  yACuum  is          ^^| 

r^^M.  A  moUlUc  dink  will  be  beard,  aod  unless  the  conUct  bo  uiado         ^^| 

1      Very  geotl/,   the  tobe                                       Jt                                      ^^| 

will  be  broken  by  the 

^^H 

vbiupfuss   of    tlte  Gol- 

^^1 

IwiiiiL    If  any  air  be 

^^H 

L  V^>wnt,   it    acta   as  a 

^^H 

r  CTuhiotL 

^^H 

la  making  obsi-rva- 

^^1 

tinos   ID    Uw    G«](l.   a 

^^H 

Woaetw    is    twuallj                                       . 

^H 

^^Mnded  from  a  tri*                                    rfV                                   ^^1 

H  tuiid    (Fig.    112)                                   T 

A                                 ^^1 

'y  gimbalft'.  ao  that  it                                  / 

\                                ^^1 

*J^*jt  lakes  a  vertical                                 / 

\                               ^^1 

PosiUctt.                                                        / 

^^1 

84S.  rioat  Adjnst-                               / 

1  \              ^H 

■•*»(.— In  son»;  bcu^m-                                / 

1  \              ^^1 

•'■^•^tho  it'ory  point  for                           m^^Z 

^A                     ^^H 

'**«iiaillng    the    prop«T                           /'      ~ 

r\       1 

'•^^  of  tlw  inercuiy  in                             i 

|~^    wbem  Is  replaced                           /           ^K|     Ik                               ,^^| 

'V' « float    F(Ftg.U8)                       /            |«|     1                       ^^^1 
■■    « uDaii  tvoiy  piston.                      /              11  1      ll                      ^^^^1 
W.'viag    the    float    at-                      /                *    1      I                     ^^^1 

***!fcul  to  its  foot,  and                    /                        1       %                        ^^^1 

•^•iBg  b«r)y  up  and                   /                          1       1i                        ^^1 

<*^'Vrii  betweirai  the  two                   /                              11         1                          ^^1 

'^^'■yp**^**  I-    A  hori-                   /      ■ '  ■■S'Tf^i^- ,.-^i  -J         \                         ^^1 

viQttl  Kne  (interrupted    ^^tjtmtgSf^^^^^' '            \                      ^^H 

^  tbe  pistoD)   is  *i^  ^^^^^^K                                                       ^^| 

fnvM    oQ     the    two  ^^^^^^^^w^^nj^sBj^ton^                   ^^H 

m       p4^  and  aoother  is    ^^^^^^^^^^^^^^^^^                    ^^1 

■       «>(int^  on  the  piston,                                                                                ^^M 

■        '^MKb  a  bvjgbt  that  the  three  lined  form  rme  HLrai^ht  line  when  the           ^^^| 

H       *'&oe  of  the  mercury  in  the  cistern  atanda  at  tbe  zero  point  of  the          ^^H 
^K     104.  Bsnmetrie  Cometioos. — In  order  that  barometric  heights          ^^H 

^r       »^  *  111*'  U  Dnlranal  Joint,  In  eammm  vm  mi  b«ard  ihlp  fee  dw  ntperulon  o(  com-             ^^^H 

■        "^^  laMrp.  Ad     ItUwenln  Fig.  112,  Klfc*  top  dCUm  tripod  MmiL                                          ^^H 
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oiay  bo  comparable  as  mt^asures  of  atmospheric  pressure,  certain  cor- 

recUoM  most  be  applied. 

I,  Correction  for  Temperature.  Ab  toercmy  expands  wiUi  boat, 
it  follows  that  a  column  of  wano  mercury  cxvrt«  )«» 
pressure  tban  a  culuiun  of  Uie  wme  height  at  a  lomr 
tempemturej  and  it  is  usual  to  reduce  the  actual 
height  of  the  column  to  thi;  lioij^lit  of  a  outumti  at  th« 
temperature  of  freezing  wat^r  which  would  exert  th« 
itonie  pressure. 

Let  h  be  the  observed  height  at  temperature  C 
Centigrade,  and  A,  the  height  reduced  to  freeziag- 
pcnnt  Then,  if  m  be  tlie  ooi^fficient  of  oxpansioo  tit 
niorcur}-  per  degruo  Cent.,  wo  have 

A.  (1  -i-n  0  -^  whanm  A.  =  A  -  A  « ( tuta\j. 


I 


PI*,  in. 

nauMJ' 


Thf  value  of  m  ja  —=-00018018. 

t  ;iiirtfnhcit,  we  have 

JV,  {l  +  M(i-m}=A,A.=A-Ai 

where  m  denotes  j,-^'^=: -000 1001. 


For  t«mperaturm 


'V-n). 


But  t«inpcntturo  oLto  aifects  tlie  tongUi  of  tb« ' 
divisions  on  tlio  scale  \>y  whicli  the  height  of  the  mereuruU  oolumn 
in  measured.  If  these  divL<uons  be  ti'ue  incheci  at  0'  Cent,  then  at 
('  the  length  of  n  divisions  will  1>e  n  (l  +  H)  inches,  {  denoting  tlu- 
eoefficient  of  linear  expansion  of  the  scale,  the  value  of  which  (or 
hneat,  the  naual  mat«nal,  is  00001878.  If  then  the  oUerved  height 
h  aniounta  to  n  divisions  of  tbe  scale,  we  have 


whence 


A^li  +  «.0-»  =  -li  +  i«i 


tliat  is  to  my,  it  n  be  the  height  read  off  on  the  acaJa,  it  must 
diminiahcd  by  tlie  correction  nt  (m— ^),  (  denoting  the  teni|w>rat 
of  the  mercury  in  degrees  Centigrade.    The  value  of  m—l. 
■O001614. 

For  temperatures  Fahrenheit,  assuming  the  ncale  to  b«  nf 
correct  length  at  32°  Fahr.,  thij  formula  lor  the  correction  (wfaidt  i— ^ 
still  Kubtmclive),  is  i»  ((—32)  (m— D,  where  m—l  has  the  valu.^ 

•oooosdo?.' 

'  Tb«  OMTwtua  hr  Utaptnlun  U  iwwTly  mula  bj  th*  Iialp  id  UUm,  wUeh  ft*" 
—  Hill  («r  all  ertllnuj  IwBpwMaiw  aad  haitftiU.    Thaw  t»bli^  whas  tnlMwhil  Iw] 


CM>RBBCT10N8. 


149 


OorrtetkM  for  CapiUarity. — Iii  tlic  preceding  chapter  we  have 
that  mcrcuiy  in  a  gla»  tube  tiixlurgws  a  cupillory  depreesioor 
wboDM  it  follows  Ui&t  the  observed  iMiromclric  height  i«  too  smaJI, 
and  that  we  most  add  to  it  the  amount  of  this  depression.  In  all 
tobei  of  internal  diameter  iees  than  about  )  of  an  indi  thiei  correction 
M  Mnsible ;  and  its  amount,  for  which  no  simple  formula  can  be  given, 
has  been  eomputed.  from  theoretical  eonsi'k-rations,  for  vanoue  sizes 
of  tube,  by  wvcnl  cuiiitfiit  maih«maticiaiis,  and  recorded  iu  tables, 
from  whicii  that  given  below  Li  abiidged.  TheM  values  are  nppli- 
eable  on  the  anumption  that  the  meniscus  tvhich  forme  the  .luiiimit 
tt  the  morcorial  colmun  is  decidedly  convex,  as  it  always  is  when 
th»  uemiry  is  rising.  When  the  meniscus  is  too  flat,  the  mercury 
must  be  lowered  by  the  foot-screw,  and  then  screwed  up  again. 

It  is  found  by  experiment,  tliot  the  amount  of  capillary  depn^sion 
b  only  half  an  great  when  the  mercury  has  been  boiled  in  the  tube 
•i  whan  this  procauttoo  has  been  neglect4Hl. 

For  purposes  of  special  accuracy,  tables  have   been  computed, 

^▼iog  the  amoont  of  capillaiy  depression  for  different  degrees  of 

woveiity,  as  detemuned  by  the  sa^tta  (or  height)  of  the  meniscus, 

tekan  IB  conjunction  with  Uio  diamct4.-r  of  Uio  tube.    Such  tables. 

bevtver,  are  seldom  used  in  tliis  country.' 

Nrt*  hwuit^  BM  gmsrally  eoiuAnicl«tl  on  Uio  waDiupUnn  tLat  Ih*  «o*1*  Is  ot  til* 
'^-m  l«i|th  M«  M  ar  F*kr.,  bot  «t  SS*  Falv^  «hiuh  w  1)17  mI  of  pMrllanant)  the 
^(■•Mws  ■!  wbldi  Um  BritUb  MmiiUkI  jr»nl  ({iru**rTKl  in  the  oSm  of  the  Bxchfjuiir} 
^  "kxel    On  tU>  niFfietitloa,  tlw  IcDgth  al  a  dlTbloiu  at  the  k*1*  at  taniporalUN  f 

"T  •VMlng  lU»  up«Makti  k» 

A,Ka||.»((-3S)+l(t-Ca} 

a  « { 1 . -oooostsr  1 4- -oouteN  { I 

mifmtaaaa  iti-nimil*]  nwj  otmvnltatljr  b*  pot  fn  tlw  Uirm— 

(MiihMWbai 
,  «« I  -  2««  =  Ot 

fif  *^  ^■■fuUnw  Mebar  iNa  thb  tba  ocnwtkn  b  mbtn«tiT«. 

•  t^  man  eoB^lvte  ooUmUob  oI  ■HawdogtoJ  muI  phpl>9>l  uIiIm.  h  thM  «>lit*<l  by 
fH^^lOiyot,  Md  pMbbh**)  MiW  Um  kiudoM  «f  tb4  SmilliMfikn  liutltntloii,  Wwh- 
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Tabu  or  CUpilubt  DspBBMton  at  Vkbouso  Ttbi 
(ft.  U  lutlwtd/of  BoiUd  TtUt.) 


DUiucMi  of 
tall*  Ui  lachM. 

DiimaaMu  In 

DlMBaM. 

DlMldlir. 

IHniriMu 

■10 

•HO 

-so 

«GS 

■40 

■01 S 

■11 

■VM 

■oa 

•OSO 

■4-J 

■013 

■la 

-IH 

-2* 

'044 

■44 

■Oil 

■13 

■1.U 

■28 

■038 

-46 

'i  m^i 

■H 

mi 

■28 

■033 

■48 

111  If 

■IS 

■089 

•30 

■OiS 

■60 

■mi; 

■la 

■078 

■33 

■oas 

■G5 

■1  II  1 j 

■17 

■U7a 

-Si 

va 

■M 

■iUti 

-IB 

■008 

■30 

■mo 

•«S 

on 

■1» 

■OfiS 

■38 

■017 

■ro 

■oos 

3.  Correeiion  for  Capacity. — \V\iea  there  w  no  pro%-i8ion  for  ■<]• 
Justing  tlte  level  of  the  mercury  in  the  cisturii  to  thv  zero  point  of 
the  acale,  auotlier  correction  must  be  epplii^.  It  in  ai\v<l  iho  our- 
rection  fw  capacity.  In  b&rometets  of  thta  oonstruction,  whidi  w«n 
formerly  much  more  commoa  than  thej  are  at  praaent,  there  is  a 
Gertaia  poiut  in  the  scale  at  which  the  mercurial  oolamn  stands  wlwm 
the  mercury  in  the  cistern  is  at  the  corroct  level  Thia  is  called  the 
oeutnl  point.  If  A  be  the  iutenur  iiren  of  the  tube,  and  C  the  ai>ea 
of  the  cistum  (ftxelusivo  of  Uie  spaoi;  occupied  by  thu  tube  and  its 
wiit^mtx),  when  the  mercury  in  the  tube  rUett  by  tbe  amount  x,  the 

mercury  in  the  cifltem  falls  by  an  amount  y  =  ^x;  for  the  volomeof 

the  mercury  which  has  passed  from  the  cistern  into  the  tube  b 
Cy  =  A«.    Thu  ctiaiige  of  utmoapheric  presHuru  is  OOFTvctly  meaetmd 

byc+9=(l+n)ic;  and  if  we  now  take  «  to  denote  tlie  distance  of 

t)ie  summit  of  tlie  mercurial  column  from  the  neutral  point,  the  oor- 

r«ct«d  distance  will  be  ( 1  +  ») z,  and  the  correction  to  be  applied  to  a 

the  observed  reading  will  hn^x,  which  is  additive  if  the  obaenvilH 

rading  bo  above  the  neutral  point,  subtractive  if  helow.  ■ 

It  fci  worthy  of  remark  that  the  neutral  point  depends  upon  th^^ 

volume  of  uiwrcury.     It  will  be  altered  if  any  mercury  be  lost  oaia! 

added;  and  as  temperature  Bt1V-ct«  the  volume. a  Bpccial  1  iiipi  iiiIiiiiim  m 

furrectiou  must  be  applied  to  lutronifttira  of  tliis  class.     Thu  iu^i 

gation  will  be  found  in  a  |>iiper  by  Professor  Swan  in  the  Pi 

#(^ieal  Magatine  for  1^1. 

la  sotno  tnodcnt  instruments  the  correction  for  capacity  is  avoli 

by  waking  the  divisions  on  the  scale  less  than  true  inches.  In 
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ratio  -j^rni  "'^  *^  effect  of  capillarity  in  at  tho  sams  time  compeo- 
•at«d  tiy  lowering  tlie  zuro  point  of  the  scale.  Such  inittnimvDti),  if 
ooiKCtljr  inad«,  nimply  nxjuirc  to  be  eorTect«d  for  temperature. 

4i  Index  Errors. — Uitdor  this  iiamo  aru  included  errors  of  gradua- 
tion, and  enxns  in  the  position  of  the  xvro  of  tlie  graduations.  An 
Krrur  of  zero  luakea  all  r«adinga  too  high  or  too  low  b/  the  same 
atsooot  Errora  of  graduation  {which  are  g«n«nUly  exceedingly 
omall)  are  different  for  different  parts  of  the  scale. 

Barciiaet«r8  intended  for  oocurut^  oUsor^'ation  are  now  usually 
eXAinim.'J  at  Kcw  Observatory  before  being  Heot  out;  and  a  table  ia 
ttniiibvd  with  «adi,  showing  ite  index  crrur  at  every  half  inch  of 
Male,  erroia  of  capillarity  and  capacity  (if  any)  being  included 
aa  |«rt  of  the  in(Ie.\  error.  We  may  make  a  remark  here  once  for 
all  ncpcctJQg  the  signs  attached  to  errors  and  corrections.  The 
MgD  of  an  error  is  always  opposite  to  tliat  of  its  correction.  When 
iL  reading  is  too  high  the  index  error  Is  one  of  exocutii,  and  in  thon^ 
fora  pcMuuro;  wbereiu  the  oorrectjon  ne«ded  to  make  tlic  reading 
true  k  rabtractive,  and  is  tJierefore  negative. 

3.  Radaetion  to  Sea-tetxL — In  comparing  barometric  obaervationa 
UkeD  over  aa  extensive  district  Cor  meteorological  purposes,  it  is 
■Mul  to  apply  a  correction  for  differBnce  of  level  Atmospheric 
pnmin,  a«  wv  have  Been,  diminisliea  as  we  ascend;  and  it  is  usual 
to  KJd  to  the  ofcaerved  heiglit  tlie  differvnoe  of  prci^aurc  due  to  tJiu 
■'•Tatioii  of  the  place  above  seia-leveL  The  amount  of  this  oorrec- 
I'm  ia  proportional  to  Uie  observed  pressure.  The  law  according  to 
'''idi  it  incareases  with  the  height  will  be  discussed  in  the  next 
'^*ptcr. 

*t  Corrtdum  for  Ui*«jual  IrUetutity  of  Cfrawifi/.— When  two 

^'t>tDetor8  indicalt)  tlie  f&mo  height,  at  places  where  the  intensity 

/7  Ifxavity  is  difftirent  (for  oxanipte,  at  tJie  pole  an>l  the  e<j[uatori, 

^**  4am«  maaa  of  air  is  superincumbent  over  both;  but  the  pressures 

^^     onequal,  beiitg  proportional  to  the  int«mtity  of  gmvity  a.t 

auivd  by  the  values  of  ^  (§  iJl )  at  the  two  places. 

L*'  h  be  the  height,  in  centimetres,  of  the  mercurial  column  at  the 

kjMratore  0*  Cent,  the  absolute  pressure,  in  dynes  per  square 

'timetrv,  will  be  ifh  x  13-306;  since  13-594}  is  tho  density  of 

-*Xurj'  at  this  teiiiiK.Tiiture. 

%08.  Otiisr  kinds  of  Mercurial  Barometer. — The  Siphon  Baromettr, 
'bich  i*  repniftentcd  in  Kig.  114,  coii^iiits  of  a  bent  tube,  generally 
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of  unUono  bore,  havini;  two  unva^ual  Ivigs.  Ttic  longer  lc^>  whtdi 
must  ba  more  than  SO  iachc«  long,  iit  eloped,  vl)il«  thu  shorter  leg  is 
open.  A  mifficicnt  qtiaittity  of  mt^rcury  having  been  introduced  to 
nil  the  longer  leg.  the  in^tnimont  ia  set  upright  (after  boilim;  to 
expet  air),  and  the  mercury-  takea  such  a  position  that  the 
diflerenoe  of  leveb  in  tJie  two  legs  reprnw-ntx  tht-  prawun 
of  the  atiQoq)here. 

Suppo^g  thu  tube  to  bo  of  uniform  section,  the  invr- 
ciiiy  will  always  fall  as  niucti  in  one  leg  w  it  rises  in  the 
otlier.  Each  end  of  the  mercurial  column  therefore  nam 
or  falls  through  only  half  the  height  corre^^ndiog  to 
the  cbaoji^  of  atmospheric  presaore. 

In  tJie  best  siphon  baromchTs  tiian  are  two  unlM, 
for  e«cli  leg.  as  indicated  in  tlic  liguro,  the  divisii 
one  being  reckoned  npwards,  and  on  tlio  other  down* 
wards,  from  an  intermediate  luro  point,  so  tliat  the  sum 
of  the  two  readings  is  the  dilference  of  levels  of  the 
mercury  in  the  two  brandies. 

Inasmuch  a;^  capillarity  tends  to  depress  bodl  extrsin- 
itics  of  tlio  nicrourial  column,  it«  effect  in  geocnUly 
neglected  In  siphon  barometorsj  but  practically  it  cauM-* 
great  difficulty  in  obtaining  accurate  obfterratiotiK,  fur 
acoordiitg  as  the  mercury  is  rising  or  falling  its  <;x- 
tremity  is  more  or  less  convex,  and  a  great  deal  of  tapping  is 
usunlly  required  to  make  both  ends  of  the  column  assume  the  same 
fonii.  which  is  the  condition  necessary  for  annibilattpg  the  effect  of 
capillary  action. 

Wfutt  Barometer. — Tlio  wheel  barometer,  which  is  in  mora  geo- 
urral  use  than  itA  mcrito  dc.it'^rve,  cousiflts  of  a  siphon  bannaetor, 
the  two  brandies  of  which  have  usually  the  same  diameter.  Od 
tlie  surface  of  the  mercury'  of  the  open  braneh  floats  a  small  plvoe 
of  iron  or  glass  suspended  by  a  threat!,  the  other  extremity  of  whkJi 
b  fixed  to  a  pulley,  on  which  the  thread  is  partly  rolled.  Another 
thread,  rollc<l  parallol  to  the  first,  supports  a  wcif^bt  which  bal 
the  float  To  Uiu  axis  of  ttie  pulley  is  lixcd  a  lui-dlc  which  movea 
a  di&L  Wlien  the  level  of  the  mercury  varies  in  eitht-r  direettnn. 
the  float  follows  its  movement  through  the  xame  distance;  by  the 
action  of  the  counterpoise  the  pulley  turns,  and  with  it  tlie  niMnlle, 
the  extremity  of  which  points  to  the  figorea  on  the  dial,  marking 
the  barometric  beiglits.     The  mounting  of  the  dial  U  usually  placed 
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fniiil  of  the  tntw-,  so  as  to  nmceol  its  prcwiice.  The  wheel 
iieter  is  b  very  old  invontion.  and  waa  introduced  by  th« 
i<-^Trat''>l  HookH  iii  16HS.  T\ic.  puII(^}'  and  strin^^'s  are  sometimes 
l<\iu:«d    by   a   rnck    and    pinion,   ok   rvprceciitt'd    in   ibe    figure 

Biridci  thn  faullH  Lnridi-ntal  to  the  siphon  haromfter,  the  wheel 


(" 


v-^ 


ri 


! 


r\t.  m  >«k4  BnawML 


b  encumbered  in  ita  movementa  by  the  frictioa  of  the 

E&oa]   Bppamtus.     It   is  quite   unsuitAblo   for   nicosuring  tho 

amount  of  atrousphcric  preKturv,  and  is  slow  in  indicating 

fornw  Barumetrr. — Thr  oriiirmry  meiyurial  barometer  cannot  be 
^*«3  at  w&t  oo  oooouat  of  tlio  violent  oscillations  which  the  mercury 
m^^^  axpericitoe  from  the  motion  of  the  voue].  In  order  to  meei 
diffleulty,  tlio  tube  ia  ixmtracted  in  its  middle  portion  nearly  to 
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capillary  dimGnsioos.  so  that  the  inotioa  of  th«  tnercury  la  either 
direction  is  hindered.  An  infitruiia>nt  thus  cuustntcUtd  is  caUod  & 
iiiiiriuu  baroiiii'ter.  WIicii  itucb  on  instruuivnt  is  utod  on  land  H 
IS  iilwiiy»  Uto  »\o\v  ill  it«  iii>iirHl.i'Hi.>*, 

206.  Aneroid  Barometer  (■!.  "ipoc).— This  barometer  dc]><indti  upub 
tlie  changes  in  tli«  £oria  of  a  thin  metallic  vi'»t«l  partially  vxhaunted 


nt.  lit.— AuRul  Ubuimm. 

of  air,  aa  the  atuiospht-rjo  pressure  variwv     M.  Vidie  waa  the  fintj 
overcome  the  numerous  diHiculties  whii^  were  presented  in  thei 
structioa  of  thuM  instrunR-nU.     We  subjoin  a  figure  of  the  tnodtil 
whicli  he  finally  adopted. 

Thi!  L-ss4;ntiul  part  in  a  eyliodricAl  box  partially  exbausU-d  of  air, 
the  upper  surface  of  which  is  ooiTUg]it«<l  in  order  to  make  it  yield 
ciioru  vaiiily  to  exti-ninl  ]tn.7«ur«.  At  the  cc-ntre  of  th«  top  of  tbtt 
box  is  a  sniall  metallic  pillar  M,  connected  with  a  powerful  st«el 
npriog  R.  As  the  {ircasure  varies,  the  top  of  tlie  box  tiaes  or  falla, 
traii:<mitUng  ibi  mov4-iiient  by  two  levers  I  and  in,  to  a  metallic  &xi> 
r.  This  latter  carries  a  third  lever  (,  the  extremity  of  which  is 
attached  to  a  chain  s  which  turns  a  drum,  U)o  axis  of  which  bvais 
the  mdex  needle.  A  spiral  spring  keeps  the  chain  oonstautly 
stretched,  and  thus  makos  the  nucdle  always  take  a  poMtioo  oom>- 
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to  tho  ahapti  of  thu  box  at  the  time.  The  gradualiou  u» 
pwfoniMtd  «mpinaill>'  by  coinpuiscn  with  a  mercurial  baroinet«r. 
Tba  inoroid  boramuter  a  very  quick  in  indicating'  changes,  and  in 
nueh  mora  portebl«  than  any  fonu  uf  mercurial  barometer,  bein^ 
both  Ugbtor  and  less  liabJ«  to  injury.  It  ia  sumiitimcs  miulu  jtmall 
enoogli  for  tho  waistcoat  pocket  It  haa  thi^  drawback  of  beinj; 
aSectod  by  temperature  to  an  extent  which  must  be  detennined  for 
nach  instruiouut  Gvporately,  and  of  being  liable  to  gradual  chanj^ 
wliich  can  only  be  checked  by  oocasioual  ooiuparison  with  a  good 
uicrcurial  baioututer. 

In  the  metaUia  barometer,  which  ia  a  moditlcation  of  the  aneroid, 
(he  exhausted  box  is  crescent-shaped,  and  the  harm  of  the  crescent 
sepoiBte  ur  i^prooch  according  as  the  external  pressure  diminishes 
or  JnerBaoM. 

S07.  Old  Forms  Barired. — Thcru  art-  two  iugeniouii  modificatiom) 
u(  tbo  form  of  the  luirc>mct4.'r,  whidi,  after  long  neglect,  have  recently 
batn  rcrirod  for  ii{>eda]  purposes. 

CnUHUiyoiaed  Barometer. — The  invention  of  this  instrument  ui 

attributed  to  Samuel  Morland,  who  oonsti-ucted  it  about  the  year 

inaO.     Ildcponds  upon  the  following  princi|>le: — If  the  baromutrtc 

KiIn  is  suapetMied  from  one  of  the  scales  of  a  balance,  there  will  bu 

M{QirBd  to  balance  it  in  the  otht-r  scale  a  weight  equal  to  the  weight 

(^  Uw  tube  and  the  mvreur^-  contatni-d  ux  it,  minus  tbo  upward 

insttra  doe  to  the  liquid  displaced  in  the  cistern.^     If  the  atmo- 

V*iB  pcvwuni  iucrea.-ies,  the  mercury  will  lise  in  the  tube,  and 

'uuMipieDtly  the  weight  of  the  Hosting  body  will  increase,  while 

Um  BDking  of  the  mercury  in  the  dstcrn  will  diminish  the  upward 

/••^lUb  due  to  the  diitplaceniont.    Tiie  beam  will  thus  incline  to 

A  MnflMi  towrtlfl«>luu  baiad  tat  lh«  tiimnpttnii  ot  »  cooiUnt  npvru^  poll  m  ttia 
1^  ''  tfca  iwyid^d  tnba  (bow*  (hat  tbe  — iwWiww  of  Uia  iniCmmcDt  depc^  only  on 
*''<iiM«l  HStioa  o(  lh«  uppOT  iMtt  of  ikt  Mbo  tad  llie  aiurniJ  a*clion  of  iu  l-iwot 
'*'^  CWnia^  lb*  lemur  A  aod  tfae  lauw  B,  It  ii  tttenmtjj  (v  itabtUtf  tlut  It  Iw 
't**'*  tku>  A  (wUsh  b  Dot  tba  om  in  thi«  Sgiir*  is  tbe  t«t)  uid  the  Diuvenwut  ot  Urn 
^*  *I1I  U  t«  tbM  o(  tlia  mtteuxj  b  k  ftuuknl  bMonulsr  ■«  A  i*  lo  B-  A.  Tliv 
"r^***"—  a<  lhei«  awwnwwM  will  leofpMho.  If  H  -  A  ia  rgt?  101011  compwed  wltb  A. 
^  'wwliwiiiil  viD  ba  nowdincljr  Hiiuitita :  and  «  D  -  A  rhuigaa  aign,  bj  pauin^- 
^^^tfb  mra.  Ilia  vivillbriuni  beoana  muublo. 

^  wMm*  NBvIt  o(  IIm  iKvoatigallaii  I*  thM  th*  l«Tel  of  tlw  nunurjr  In  the  ditcn  r^ 

^  Uw  iMtnaanl  Wjiraiinted  Is  tin  ftfun,  alsliUltj  b  probably  obtalnd  bjr  tbs  <reli;l>t 
^  0*  Ml  wUeb  t^rrim  Um  ftoeXL 

I*  Xkg*a  baf<qpra|ili,  B  b  mad*  graaltr  tbaii  A  by  Hiing  »  boUow  iron  dnim  mind 
*•  *••«  ml  ot  tha  tiiba. 
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the  Hide  of  the  b&romctric  tube,  tuul  Uic  reverse  movement  would 
occur  if  the  pressun.'  ditnJDishcd.  For  the  bnlnnco  may  be  subeti- 
tut«d,  ad  in  ¥lg.  1 17,  ■  lever  cnrrying  m  countcrpoim;  the  viiriittions 
of  prvtuniix-  will  l>o  Jnrlicated  hy  the  mo^'eraenta  of  this  lever. 

Such  an  imttruuient  may  very  well  be  used  a^  a  baro(pnph  or  re- 

oording  barometer;  (or 
this  purpose  we  hare 
only  to  attach  to  tJio 
lever  an  arm  with  a 
pencil,  which  is  con- 
stancy in  contact  with 
a  sheut  of  paper  moved 
umformly  by  clock -vrork. 
The  result  wUl  be  a 
contJnuouii  trace,  whose 
fonn  correepoods  to 
variations  of 
Ik  ia  veiy  easy  to  deter- 
ininp:.  cither  by  colcal*- 
tion  or  by  compariMm 
with  a  standard  baro- 
iii«>tfr,  thp  preasore 
rf-^fpoiiding  to  a  gii 
|)oftition  of  the  pencil  on 
tlic  [wpcr;  and  thwi.  if 
the  i>aper  b  ruled  with 
twen^-four  oquiilutant 
lines,  corresponding  to 
the  twenty-four  hours  of  the  day,  we  con  ace  at  a  gtaoce  what  waa  the 
pressure  at  any  given  time.  An  amuigomcDt  of  this  kind  has  bem 
adopted  by  the  Abbe  Secdii  for  the  meteorograph  of  tlie  obewvatory 
at  Rome.  The  first  succeeaf  ul  employment  of  this  kind  of  barograph 
sppears  to  bo  due  to  Mr.  Alfred  King,  a  gas  enginaar  of  Liv«r|M>ol. 
who  invented  and  constructed  such  an  imtrumcnt  in  1853.  for  the 
uae  of  the  LivL-r|>ool  DbKcrvatorj-.  and  subsequently  dcMgned  a  larger 
one,  vrhieh  ia  still  in  uw,  fumisliing  a  very  perfect  record,  tnagnifled 
five-and-a-lmlf  tiinca. 

Fahrenhtiftt  Barometer. — Fnhrenheit'n  barometer  conststfi  of  a  tuba 
bent  several  times,  the  lower  portions  of  which  oontain  mercury ;  th« 
upper  portions  are  filled  with  water,  or  any  other  liquid,  usually 
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ooloorod.    It  is  evident  that  ibe  atiuoepberic  preiMur«  is  IjulsDCtid  by 

Um  mm  of  Ihti  ilttreraiuMB  of  IotoI  oE  Die  columos  of  mercury,  dimia- 

inltod  bj  tho  Kum  of  tho  oomsponding  diflbrCQCos  for  the  ooluiiiiu 

of  waU'T;  whence  tt  follows  tliat,  hy 

fjuitiuying    a   considerable    number    of 

tubes,  we  may  greatly  r«duoe  the  height 

of  ibe  banMnetric  ooliunn.    ThU  circum- 

•tanoe  renders  tho  instnuni-iit  iiitcrvsting 

aa  a  acieDtific  curiosity,  but  at  Die  sain« 

tinw  diuiifuahw  it*  mtuitiTeneen,  and 

rauleca  it  unfit  for  pnrpooea  of  turecisioo. 

It   ia    therefore    never    used    for    tlic 

mMsureroeni  of  atmospberie  prcMutu; 

bat  an  instmmcut  upon  the  same  priii- 

eipla  has  recently  bcvii  employed  for  the 

DMammneot  of  very  hi^  pressure.^  a» 

will  be  explained  in  Chapt  xix. 

208.  Photo^Taphic   RagistrAtioB. — Since 
roeU-orological   instnimeutt  at  the  Vy 
iiave  been  made  to  yicl'l  coutinuuiis  tru< 
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iiwirli, 

'.     I>y  the 

aiil  of  photography,  and  the  uit.-thud  is  now  generally  employed  at 
melAorologieal  obMervatories  in  this  country.  Tho  Greoowieb  systiui 
is  folly  described  in  the  Oremwick  Haf/ntdcal  mid  Metevrotoj/icai 
U&MrnxiJitnw  (or  IMT,  pp.  lxut.~xc.  (publi»hed  in  IS-l'D).       ,    ' 

Ibe  geDeral  principle  adopted  for  all  the  iiuitnimeiit.t  i»  the  same. 

TIm  photographic  paper  is  H-rappcd  round  a  gUss  cylinder,  and  the 

«»•  of  the  Q-Uuder  is  made  parallel  to  the  dirt^ction  of  the  move- 

*aait  wliieh  i*  to  bo  registered.    The  cyliinkT  i»  tiiriicd  by  clock- 

***rk,  with  uniform  velodty.    The  spot  of  light  (for  the  uiagncu 

**ti  laroineter),  or  the  boundary  of  the  line  of  light  (for  Uie  ther- 

'■ucMtera),  moves,  with  the  movpmenta  which  are  to  be  registered, 

'^•^twanls  and  forwartht  in  tiio  direction  of  tJic  axis  of  the  cylinder, 

**''>altt  the  ^lindcr  itoolf  b  turned  round.    ContMKjuently  (as  in 

'  i  macluae.  Chap.  rii.).  when  the  paper  U  unMTn[>]H-il  from  ib« 

'     -  a  JiioU  form,  there  is  tnced  npon  it  a  cur\'e  of  wlii<^h  the  aliAeLtsa 

**  fxmportional  to  the  time,  while  the  ordinate  b  proportional  to  the 

J^'O'VTOient  which  ia  th«  subjt-ct  of  nieasure. 

*~be  barooeter  employed  in  connection  with  tliis  syxtcm  is  a  large 
I  barometer,  the  bore  of  the  uppur  and  tower  extremities  of  its 
^'^^^  being  about  I'l  inch.     A  glass  float  in  the  quicksilver  of  the 
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tower  extremity  ia  parUally  supported  by  a  counterpoise  sctiog  oo  i 
lii;)it  lever  (which  turns  on  delicate  pivot«),  so  tlint  thu  wire  eupport^ 
in^  titc  float  is  coiwtAQtly  Ktrctched,  leaving  a  definite  pnrt  of  thfl 
weight  of  the  float  to  be  supported  by  tlie  quicksilver.  This  lever  ii 
lengthened  to  cany  a  vertical  plate  of  ojiaque  mica  with  a  small  aper^ 
ture,  whose  distance  from  the  fulcrum  ia  eigtit  times  tite  distance  ol 
the  point  of  attachment  of  the  float-wire,  and  whose  movemeDt) 
therefore  (§  S05),  is  four  tiiiiett  the  movement  of  the  column  of  a  ci>> 
t^-m  barometer.  Through  this  hole  thi?  li^ht  of  a  lamp,  cullectod  hf 
a  cj'Undrical  luu,  sliines  upon  the  photographic  paper.  ' 

Rveiy  part  of  tlio  cylinder,  except  that  on  whicJi  the  itpot  of  ligM 
falLt,  is  covered  with  a  case  of  blackened  idnc,  having  a  iilit  [laralld 
to  the  axiA  of  the  cylinder;  and  I^  means  of  a  second  lamp  ehinini 
through  a  small  fixed  aperture,  and  a  second  cylindrical  lens,  a  baa 
line  is  traced  upon  the  paper,  which  servos  for  reference  in  subeeqtia] 
mcasurvmeuta. 

The  whole  apparatus,  or  any  other  nppiimlus  which  aervos  to  givi 
a  ooDtinuoufl  trace  of  barometric  inilicntioiiH,  in  called  a  barograjA 
and  the  names  thermograph,  mafftuitoffmph,  amnaoffTttplt,  jrc,  ar 
^imiUirly  applied  to  other  instnimenta  for  automatic  registratJai 
Such  registration  is  now  employed  at  a  great  number  of  obaervi 
lories;  and  cnrvea  thus  obtained  aie  regularly  pubUabod  in  th 
Qimrterly  Reports  of  thu  Uetvorulogica]  OfBoOb 
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109.  Heuiirfimeiit  of  Heights  bjr  the  Barometer. — Ar  the  height  of 

iJm  btmcnetric  ixtlumn  diminishes  when  we  ascend    in   the  atmo- 

^Atn,  it  i^  natural  to  aut-k  in  Um  phenomenon  a  means  of  measuring 

'^B^htH.     The  probJvm  would  be  extremely  Kim])l>>,  if  the  air  hud 

•*«rj-whtre  U»e  «anie  dcmity  08  at  the  surface  of  tli«  earth.     In 

'^Bt.  tho  donidty  of  thi:  air  at  Hoa-levt-l  l>cing  about  10,^00  Unin  le^ 

f^^ma  that  of  meroiry,  it  follows  that,  on  the  hypothosia  of  uniform 

™*«»«ity,  tlie  inercuria!  column  would  fall  an  inch  for  every  10,500 

"^flfcua,  or  876  feet  that  we  aeoend.    This  result,  however,  is  far  fi-om 

''*ing  to  exact  accordance  with  fact,  inasnuich  as  the  denai^  of  the 

*f   diminisbee  very  rapidly  as  wo  ascend,  on  account  of  He  great 

***np  ressi  bil  i  ty . 

210.  Ima^Dary  HomogrenwiQS  Atmosphere. — If  the  atmosphere 
*o»ie  of  uniform  and  constant  density,  ita  height  would  be  approxi* 
'^'V'telj  obtaioed  by  multiplying  30  inehes  by  10,f>00,  which  give* 
^,250  (cet.  or  about  S  milea. 

More  accurately,  it  we  denote  by  II  the  height  (in  centimetres)  of 
^**^  ajOMsphere  at  a  giv<^n  time  and  place,  on  the  assumption  that 
'**•  doneity  throughout  is  the  isamu  a:*  the  olecrved  density  D  (in 
K'^ttkBin  per  cubic  centimetre)  at  the  base,  and  if  we  denote  by  P 
^^  olatrved  preaauro  at  th-:  >>a»<>  (i"  d%'neH  pr-r  square  centimetre), 
*^^  tn«t  onploy  the  general  foniiida  for  liipiid  prewun  (§  139) 

P=5HD,wbfahgi>wn=  ^  (II 

^^    beit^t  H,  computed  on  tliis  imaginary  assumption,  is  usually 
°^U««1  the  httii^l  of  the  homot/fnMniM  afm«*pA«re,  oonmponding  to 
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pnanra  P,  density  D,  and  intensity  of  gra\'ity  g.    It  is  somo- 
nllad  thtt  jnvMimrf-knght.    I'lie  pressure-height  at  any  point 
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in  a  liquid  or  gas  is  the  height  of  n  coluton 

deniutf  as  at  the  point,  which  would  pruduce,  by  its  weight,  thv 
actual  prcesuru  at  the  point.  This  element  fru()ueQtly  makes  iti 
^tpcanuKe  in  phyiiical  and  engineering  problems. 

Tbd  ezpreaaioo  for  H  contains  P  in  the  iitimorator  and  D  in  the 
denominator;  and  by  Boyle'-i  Uw,  vltich  we  ahall  disciuu  in  the  ensu- 
ing chapter,  (heae  two  elemento  vary  in  the  same  proportion,  when 
Uie  temperature  is  constant  Ilcnce  H  is  not  atlectL-d  by  chaugui  of 
pressure,  but  has  the  same  value  at  all  poiatu  iu  tliu  air  at  which  the 
temperature  and  th»  valuv  of  g  ore  tlic  same.  m 

Sll.  Goometrio  Law  of  Decrease. — Thu  change  of  pressure  as  we  | 
ueond  or  dwccnd  for  a  aiiort  dxtta7ux  in  the  actual  atiuoKpliere,  is 
sensibly  the  same  as  it  would  be  in  this  imaginary  "  homogeDeona 

atmosphere;"  hence  an  a^ceut  of  1  centimetre  takes  off  a  of  the  total. 

pnusurc,  juet  as  an  aciceat  of  one  foot  from  Uie  bottom  of  an 
COiOOO  feet  deep  takes  off  mrtm  of  the  prc-eture. 

Since  H  is  the  same  at  all  hei^'hts  in  any  portion  of  the  air  w! 
is  at  uniform  temperature,  it  follows  that  in  ascending  by  saoceai 
steps  of  I  centimetru  in  air  at  uuifonn  temperature,  each  step 

off  the  same  fraction  ^  of  the  current  precture.    The  pressures  thi 
fore  form  a  geometrical  progresuoa  whose  ratio  ia  1  —  g.    In  an 

nu/apliere  of  uniform  temjMniiura,  neglecting  the  variation  uf  17  w-^| 
height,  the  deneUiet  and  preamret  diminish  in  geotiulrical  prv^jv 
mon  at  the  keighU  ineream  in  arithmetiait  pitxjrtxnon, 

Sid.  Oompntation  of  Pressure-height. — For  |H-4-fvctly  dry  air  at 
Cent,  we  have  the  data  (§$  1!)^,  WiH), 

D  =  -001SP33  whM  P  =  lOlSSOOi 
which  gtvo 

P 
t> 

Taking  ^  a«  081,  we  have 

H  ~  Ui|JfAM  _ 799000  MoliiMni  nMrl;. 

This  is  very  nearly  8  kilometres,  or  about  5  miles.  At  tlie  leniptr' 
ature  t'  CenL,  we  shall  have 

u  -  79»ooa  (1  +  -oosM  q. 

Heoce  in  air  at  the  the  temperature  0*  CenL,  the  premure  • 

by  I  per  CenL  for  an  aicent  of  alwut  7D90  oontimetrea  or.  My.  I 

metres.     At  S0°  Cent,  tlie  numlxir  will  be  86  instead  of  SO. 
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TOnDBia  for  detenniBiss   Eeig:ht«  by   the  Barometer.^Tu 
.  u)  usonite  rulu  for  cuuiputiiijj  the  ditl'itroQco  of  levels  of  two 
Crom  obwrvmtioos  of  the  barometer,  we  muat  employ  the 
oilculufl. 

t>enote  bei^t  above  s  fixed  level  by  x,  and  pressure  by  p.    Then 
we  Lave 

u>d  if  P),  7:4  are  the  [ovBsures  at  the  heights  x^,  le^  we  deduce  by  in* 

tcgnkioo 

k%  -  %  =  H  <log,  ft  -  fcs,  jhOi 
doptiog  the  value  of  H  from  (2),  and  remembering  that  Napierian 
guiUiutf  are  equal  to  common  logarithms  multiplied  by  2'SU26,  we 
ttntUy  obtain 

kai  -  a, « 18M000  (I  + -OOSM  f)  (I4  Pi  -  log  j>4 
0  BxprcMion  for  tin-  difTerence  of  levels,  in  centimetres.     It  is 
ttsnal  to  put  for  t  Ute  arithmetical  mean  of  the  temperatures  at  the 
i«ro  Btatioiia. 

Tlu  determinatjon  of  hei^hU  by  moans  of  atmospherie  pressure, 

the  pressure  bo  ob»cr\'ed  directly  by  the  baromefew,  or  tn- 

y  by  tbo  bojling-point  th«rmoineter  (which  will  be  described 

furi  IL),  in  called  hyjMttmeir;/  (i<j«c,  licif^ht). 

As  a  rough  rule,  it  may  be  Btat4»l  tluit,  in  ordinary  circuinstaiicts, 

>k«  buQtneter  bib  an  inch  in  ascending  900  feet^ 

tt4.  Diunal  Oscillation  of  the  Barometer. — In  these  latitudes,  the 

gBWexirial  column  is  in  a  continual  state  of  irregular  oscillation;  but 

tbe  tropics  it  ris«  and  falls  with  great  regularity  according  to  the 

•f  of  the  day,  attaining  two  maxima  in  the  twenty-four  hours. 

1^  Stncnlly  rises  from  4  am.  to  10  I.U.,  when  it  attains  it»  first 

iod;  it  then  falU  till  4  r.U.,  when  it  attains  it«  first  minimum; 

**(>oad  maxintom  Is  olwerved  at  10  pm.,  and  a  second  minimum  at 

^  '^    The  hours  of  maxima  and  minima  are  called  thu  tropical 

■**^  (rpHTM,  to  turn),  and  vaiy  a  littlo  with  the  season  of  the  year, 

"I*  <Gflmnce  betWMO  the  highest  inaxititum  and  lowest  Diinimum 

>**Bfd  the  diurnal*  range,  and  ttie  half  of  tliis  is  called  the  amj4i- 

>  ij^lLiM  4HiaiMl  uid  Jiufat,  wImm  fM£x«d  to  tlw  wetdt  nrialiat,  mtgi,  aMipK* 

I  Uw  ptricJ  al  lh«  rtritlon  in  qiMrttom;  tli»t  i^  Ui>  Urn*  ut «  cwopl«f  wriB« 

IlMnal  vaftUion  4om  bd*  lUnuts  vnKMlait  (rum  ono  dt,y  U>  Mwthcr,  but  tbe  VMrlk- 

I  ■kU  gam  Uuvusk  it*  efcle  U  raJtiw  in  una  d>;  if  VrtrAy-Una  buun.    Auinal 

U 
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tufii^  of  the  lUurnnl  axcillntion.    Thv  amount  of  tho  fonncr  does  noT 
exc^  aifottt  a  tenth  of  an  inch. 

The  character  of  tliin  diunuU  osdllation  is  repreciented  in  Fig.  119. 
Hie  vertical  lines  correspond  to  the  hours  of  the  day;  lenpths  have 
bMO  moofiurod  upwards  upon  thum  proportional  to  tbu  baromvtjic 
fattlghte  at  the  nvspt-ctive  hour»,  diminisht^'ii  liy  a  coiutont  qoanUtji 
ud  tlie  points  thusdvtonnini'd  tuive  l>«i'ii  C"nni:ct«(l  by  a  continuooa 
carve.  It  will  be  observod  tliat  the  two  loner  curves,  one  of  wl: 
relatM  to  Cumana,  a  town  of  VenezueU,  oittiated  in  about  10* 

Utitudo,  bhow  strongly  marked  oscillationB 
corresponding  to  the  maxima  and  minima.  In 
our  own  country,  the  rcguhir  diurnal  osdlb* 
tion  ia  masked  by  irregular  ttuctuatiotu, 
that  a  single  day'a  obsen-atjons  givo  do  dv 
to  its  existeooe.  Nevertbelees,  on 
obsenrotiona  at  regular  hours  for  a  number  o^ 
consecutive  days,  and  comparing  the  ™« 
hi-i};ht«  for  the  dilfcrcntliourK,  some  indicatioa^^ 
of  tlte  law  will  be  found.  A  moutli's  obaor**- — ^ 
tions  will  be  auflicient  for  oo  approxilBi^^^ 
indication  of  the  law;  but  observations  extending  over  sorm 
will  be  required,  to  establish  with  an^'thing  like  precisioD  the  bo* 
of  maxima  and  the  ampUtode  of  the  oecillation. 

The  two  upper  curves  represent  the  diurnal  variation  of  the  baro- ' 
meter  at  Padua  (lnt>  *y  2*")  and  Abo  (lai.  60*  bG"),  the  d»t«  havu^ 
been  extracted  from  Ko^Miitz's  MfteoroUxjif.    We  see,  by  iospoetkm 
o(  the  llguie,  Uiat  the  oscillation  in  question  become*  looa  ■Im^ty 
marked  aa  the  latitude  incKAaes.    The  range  at  Abo  in  le»  iW-Ki 
hall  4  millimetre.     At  about  the  70th  degree  of  north  latitxidi  »-^ 
beoMnea  insensible ;  and  in  approaching  stUI  nearer  to  the  pok  £'4 
appears  from  observations,  which  however  n«ed  further  ooofinsitk^A 
that  the  oecillntiun  is  n-verwd;  that  is  to  say,  tltat  the  mazkni  I 
are  oontemporoouous  ^vith  the  minima  in  lower  latitudes. 

There  can  be  litUo  doubt  tliat  the  diurnal  oscillation  of 
baromeber  is  in  i»ome  way  attributable  to  the  heat  received  from  Its'  j 
sun,  which  produces  exjiaiLiion  of  the  air,  both  directly,  as  a 

mi|[a  dntMa  Uio  nngv  UiM  eocnn  wtthia  ■  jmt.    Thfa  nlo  tt  luilveFMU;  ut—iKj  If 
wHun  el  Ugh  KdmltSo  wMliatMy. 

A  toliU,  «UUtt^  the  ratoo  at  m  •lanunt  fcr  Midi  BMMh  Id  tb«  jmr.  b  *  (•ftb* 
•Mwl  <Ml  noMUr)  vMfaatoM:  «r  ft  nay  ba  not*  pNtkdarly  JMOrihid  m  •  utki 
wriwttiM  bM)  nooA  to  aonlk 
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neooe  of  heating,  and  indtiwcrtly.  by  proinoting  evApomttoa; 
t  I>reU9e  nature  of  Lb«  connection  bctwet-n  thU  ai\Lsv  and  the 
1  berometrio  oacill&tion  b^  not  as  yet  be«n  siitijifnctorily 
iibed. 

Irregvlar  Variatioos  of  tlie  Barometer. — The  height  of  the 
rter,  ai  least  in  the  temperate  sones,  depeoda  on  the  state  of 
noBf^ers;  and  its  variations  often  servo  to  predict  the  changes 
itbnr  with  more  or  less  certainty.  In  this  country  thv  tnro- 
gnwrally  Ealls  for  rain  or  S.\V.  wind,  and  riwM  for  liiio  weatlier 
LirbuL 
tnetcn  for  popular  oae  have  generally  tho  words — 


Fair.  Cbaag*.  Bkin.        Uuoh  nin.        Stormj, 

i  »t  the  respective  heights 
MM  2H  »  28-9  SSiBohBL 

words  tDost  not,  however,  bo  utidor«tood  as  abeoluto  prodic* 

A.  low  hsromolcr  riaing  is  generally  a  sign  of  fine,  and  a  high 
Msr  tailing  of  wei  weather.  Uoreover,  it  ia  to  Iw  borne  in 
ihat  the  barometer  stands  aboot  a  tenth  of  an  inch  lower  for 
handred  feet  that  we  ascend  above  aea>level. 

eoooactioD  betwe«n  a  low  or  falling  barometer  and  wet 
trr  Is  to  be  found  in  the  fact  tliat  moist  air  is  BpeciScally 
>  titan  dry,  even  at  the  same  temperature,  and  still  more  when, 
tllj  boppens,  moist  air  is  warmer  tliiui  dry. 
Bgs  of  wind  usually  begins  in  tliu  upper  rc^ons  of  the  ait 
laduoUy  oxbsndi  downwards  to  the  ground;  hence  the  baro- 

boing  affed«d  by  tbo  weight  of  the  whole  superincumbent 
|ilMr»,  gives  early  warning. 

Weather  Charts.  Isobaric  Lines. — The  extension  of  tete- 
ie  cooununicatioo  over  Europe  has  led  to  the  establishment  of 
Mn  of  oomspondoncH,  by  which  the  barometric  pressures,  at  a 
nomeot,  at  a  nombcr  of  stations  which  have  been  selucted  tor 
palogieol  obeervatJon,  are  known  at  one  or  more  stAtions 
Itad  for  r«eidving  the  reports.  From  the  infontiation  thn» 
bod,  eonroa  (called  isobaric  linn,  or  isobar*)  ore  drawn,  upon 
It,  throQgb  tbote  plocm  at  which  tJie  prewiure  is  the  same, 
iromcirio  ooodltJon  of  an  extensive  region  is  thus  rendered 
pblo  at  a  glaitce.    Plate  L  is  a  specimen  of  one  of  theae 
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chorta,^  piepared  at  the  obscn-atorj  of  Fuis;  it  ivfcnt  to  ihc  S3d  of 
Januaiy,  18138.  BnddM  tlic  isoburic  hnou,  th«  cluirbt  iiidicutu,  by 
th«  Hystem  of  notation  cxpUiincil  at  the  left  of  Uio  flg^uro,  Uie  general 
ittat«  of  tlie  weatlier,  tlie  strength  of  wind,  and  state  of  the  »ea.  The 
iaobaric  curves  corretipond  to  difTerences  of  five  millimetres  (about 
0*2  inch)  of  pressure,  and  accorditig  as  they  are  near  together  or  tax 
apart  the  variation  of  pressure  in  passing  from  one  to  anuthi-r  is 
more  or  less  suddvn  (or  to  use  a  very  bxpivssivo  modurn  phnuic,  tbfi 
barometric  gtadirnt  i»  more  or  lew  ateep),  just  as  the  contour  lioet 
on  a  map  of  hilly  ground  a]>proaeh  each  other  tuo«t  nearly  when 
the  ground  is  steepest.  Charts  on  the  same  general  plan  are  iasKied 
daily  &om  the  Meteorological  Office  in  London. 

A  steep  barometric  gradient  tends  to  produce  a  strong  wind.  It 
will  be  obsen'ed,  howcvor,  from  tho  arrows  on  the  cliart,  that  the 
directtou  of  the  wind,  inKtoad  of  being  coincident  with  the  lina  of 
ste«pe«t  d«eeent  from  each  iaobar  to  tlie  next  l)c1ow  it,  generally 
makee  a  large  angle,  considerably  exceeding  H",  to  the  right  of  it 
In  the  southern  hemisphere  tJie  deviation  is  to  the  left  instead  of  to 
the  right.  This  law,  known  as  Buys  Ballot's,  is  found  to  hold  in 
almost  every  instonoo,  and  is  dependent  on  the  earth's  rotation.* 

Th«  isobars  frc(iueutly,  as  in  the  example  here  selected,  form 

closed  curves  euctrcling  a  region  of  barometric  deprosdon.    Two 

such  centres  are  here  exhibitol^nc  in  the  soutJi  of  England  aatl 

the  other  in  tlie  west  of  Kuteio.     (jreat  ataiOE«p)ierie  distturbanoes 

are  always  accompanied  by  such  centres  of  depression.    The  air,  ia^ 

fact,  rosbea  in  from  all  aiJes.  usually  with  a  apiral  motion,  towardiHB 

ttlMe  oeotns,  the  direction  of  rotation  in  the  spiral  being,  for  tb^ai 

northern  hemisphcru,  opposite  to  the  motion  of  the  hands  of  a  nratcbc^ 

lying  with  its  tmeo  upwartls.    The  centrifugal  force  duo  to  tlu^at 

rotation  tends  to  increase  tlic  original  eentjal  depttsston,  and  tluHBi 

protracts  the  duration  of  the  pheoometion.  ^^H 

'IWcvrmdnwii  mimi  llib  iilmi  »i»  lintailn  Hiiw  iMiiliniii«niiisi1iin  lii«  |wi 
Womtriepn— rt,wUnhlili>dk«twlbyth»iiMnewibnMiwJ«galiiM  <L  Thmu 
tlw  pnauTC  Is  niUliiMtrM  dimlnhbod  bf  70a    For  nampl^  On  Um  wklob 


(hiwush  Uw  MtKUl  of  BfSn  MiTwpsnth  to  th*  pnoom  770  mUUncttw;  lh*t  lknN)|h 
north  of  Spsls  to  7U  »""""*—    n*  «nr>«a  mm  <lniwti  let  ttntf  tfib  ■ 
TW  w—Bw  anaiwmln.  whfali  m  fltM  to  ma  plan  of  dwdBkli,  MioKta  tk» 
■Mudr  ubaarnd  at  tht  ilUT«f«M  aUUotx,  fnm  which  tho  b«t>arie  ttna*  m*  4tb«« 
(rtbuttoa. 

"na  oUiar  *]mb«li  niw  to  dand.  wIihI,  and  (M.  and  M«  wqUsad  ■«  Iha  loft  df  tka  dhirt 
■  TIm  influanot  of  tha  mttk'a  rcUtion  in  anStjiaf  Iha  JIwhIm  «f  windi  b 
111  s  9ft  -On  tU  <J*<Mnl  CImbttM  ud  DMribnIlon  t4  lb*  Afaapto^"  ^ 
C  of  dib  work.  In  Ih-  PMiupkh^  jfiyifai  for  StptaMbtr.  ISH. 
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These  revolving  storms  are  called  (^clones.  Th&y  attain  their 
greatest  violence  in  tropical  regions,  the  West  Indies  being  especiallj 
Qoted  for  tiieir  destructive  effect.  They  frequently  proceed  from  the 
julf  of  Mexico  in  a  north-easterly  direction,  increasing  in  diameter 
ds  they  proceed,  but  diminishing  in  violence.  Their  velocity  of 
translation  is  usually  from  ten  to  twenty  miles  an  hour. 

Storm-warnings  are  based  partly  upon  information  received  by 
telegraph  of  storms  that  have  actually  commenced,  and  partly  upon 
Wometric  gradients.* 

'  For  taller  infoniution  mpccting  the  lawi  of  atomu,  which  is  a  purely  modem  nibject, 
ud  it  ciiitinnallj  Teceivitig  freah  developmeDti,  we  would  refer  to  Mr.  Bnohut'i  Handg 
S«k  if  Mtitorolegg.     See  >l>o  the  Uit  chapter  of  Put  IL  of  the  preeent  Work. 


CHAPTER  XIX. 
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217.  Boyle'a  Law. — All  gases  exhibit  a  oontinu&l  teiKlen^  to  ex- 
pand, aotl  thua  exert  pressure  a^'ainst  the  vessels  in  which  they  are 
cijttfiDvd.    The  intensity  of  this  prossuie  depends  opon  the  volume 
which  they  occupy,  incrouning  as  thb  volume  diminisbee.    By  a 
number  of  careful  cxpcnitu-nt^t  upon  this  point.,  Boyle  and  MoriotlA 
independently  eHtahlished  tlie  law  Uiat  this  procure  voriea  invenwly 
IS  the  volume,  provided  that  the  temperature  remaiQ  ooQStuit     Am 
the  density  also  varieo  inversely  as  the  volume,  we  may  ex])res»  th^ 
law  in  other  words  by  saying  that  at  Ute  same  tenipersture 
density  varies  directly  as  the  pressure; 

If  V  and  V  be  the  volumes  of  th<.'  same  quantity  of  gas,  P  and 
1>  and  ly,  the  comsponding  prwsuroe  and  dun><ittu«,  Boyle'a  law 
be  expressed  by  cither  of  the  equatJona 

P      V      P      D 

P  =  v    p  =  tr 

S18.  Bojrle's  Tatw. — The  oorrectnoas  of  this  Uw  may  be  vc 
by  me&ns  of  the  following  apparatus,  which  was  em[^oyed  by 
the  experiment4?m  above  named.     It  GOn.Msta  (Fig.  ISO)  of  a  Ik-^^ 
tube  with   branches  of  unutiual  length;  the  long  branch  is  en-—  ■  - 
and  the  abort  branch  closed.     The  tube  is  fastened  to  a  bgo 
provided  with  two  scales,  one  bj  the  side  of  each  branch.     T'  ^^ 

■  BarU^lBbi*  Drftn<»<^Uu  Dartrimt  lamUitf  At  Sfri^  ami  Wtifkl  4^  tit  Mr 
lit  O^VdlfM  V  /'raiuwiu  UiKu.  apponJed  to  A'r«  I'rptrimaitt,  P*p»f»  mtrl^ntiml, 
iMMDd  aditiuii,  Ito,  Oxfdid,  1643),  d«MtribM  Un  iwu  kindi  of  appMata* 
figL.  ISO,  121  M  haiinc  uia  iBpkjrcd  bjr  hfan,  aad  slvca  In  tebukr  lofM  tba 
Mb*  ciQOBpM  b;  %  bod/  «f  tlr  «t  Tarimu  ^m—im    "Han  <liBcrvtd  iMftlw  ki 
with  Um  thaorilk*!  langth*  ocai|p>Dt«d  on  tb*  i«N«n|iClo>i  (hat  TCJoao  varia* 
aa  jattmn,  aad  polnta  a«t  that  the;  i«r»  wttbtn  th«  Itmlla  ol  «ip<rlim»t^  tnor. 

Mariolln'a  tavatue,  Ot  U  .Vo/un  oli  rAir,  b  ilatcd  Jn  tha  OitgrmfAit  {Mwarfb  la 
i  H>IUMd  IB  Itn.     (Sa«  PnluM  to  Talt'*  ntrm»iftmmk4,  p.  It.) 
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ItuUiuQ  of   both  acsles    begitm  frooi  the  same  horizoiiUtl    liiK' 

ihroagfa  0.  0.     Uercury  is  firat  poured  ia  ut  the  extremity  of  the 

long  braoob,  and  by  inclining  the  apparatus  to  either  side,  ami 

cmottouBly  adding   more   of   the    liquid    if  required,  the  tuercurj' 

can  be  nui'Ic  U>  stand  at  the  same  level  in  both 

bcmndM*,  and  at  iha  zero  of  both  scales.     Thus 

w*  hmn.  in  the  short  branch,  a  quanti^  of  air 

Mpaiated  from  tlio  ext«nuU  air,  attd  at  the  same 

pnamrc    Mercuiy  is  tJiea  poured  into  the  Ion;; 

branch,  bo  as  to  reduce  the  volome  of  this  inclos«il 

air  bgr  one-half;  it  will  then  be  found  that  the 

dUferenos  of   level   of    the  mercury  in  the  two 

bandMB  fe  equal  to  the  height  of  the  baromoter 

at  the  time  of  the  experimeDt;  tlie  oomprvased  air 

thanltm  axerta  a  pitaoiire  equal  to  tliat  of  two 

ataeapherRS.     If  more  mercui^*  b«  pour«d  in  so  as 

lo  ratbioe  the  vohuue  of  the  air  to  one-ttiird  or  one- 

("arth  of  the  original  volume,  it  will  be  found  that 

ilw  dilferenoe  of  level  is  respectively  two  or  Uim- 

(iiuca  the  height  of  the  barotnecer;  that  is,  that  the 

napnwed  air  exerts  a  pressure  equal  respectively 

to  that  of  three  or  four  otmotti^ercs.     This  ex- 

perimeut  therefore  shows  that  if  the  volume  of  the 

g»m  beootnes  two,  tliieo,  or  four  timea  aa  small,  thi- 

fWwnm  faeoontea  two,  tliree,  or  four  times  as  great. 

CLU  is  the  principle  expressed  in  Boyle's  law. 
Xbe  law  tuay  alao  be  verified  in  the  case  where 
k  gAH  cxpotids,  and  wlii.-re  it«  pressure  con»e> 
^*s«ntly  diminishes,  for  this  ])urpo>w  a  barometric 
^••tNi  (Pig.  121).  partially  tilleil  with  mercury,  is 
^*^^«rt«d  in  a  tail  verae),  containing  mereuiy  also, 
"*<)  ia  held  in  such  a  position  tlkat  the  level  of  the 
^**Iiaid  is  the  same  in  the  tube  and  in  tlie  veMKl. 
^***  vniume  occupied  by  the  gas  is  marked,  and  the  tube  is  raised; 

fb  gas  oxpauds,  its  pressure  diminishes,  and,  in  virtue  of  the  exoctt 
the  atntOMpheric  pressure,  il  column  of  mercury  ab  riNes  in  the 
■>«.  «uh  thai  it^  height,  added  to  the  picsauro  of  the  expondcd  air. 
«qual  U>  the  atinaapheric  pref»ure.  It  will  then  be  seen  that  if 
^^  volume  of  air  becomes  double  what  it  was  before,  the  height  of 
^'^  column  nised  is  on«-balf  that  of  the  baromet«r;   that  i»,  the 
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expn.nd<Kl  air  exerte  a  pre«suro  equal  to  half  th«t  of  Ui«  ntniMpIuire. 
If  t]ic  vuliiiue  ia  trebled,  thv  hoight  of  tl>o  column  is  two-thircb  Uut 
of  tin  baroiactcr;  th«t  i»,  the  pr«asure  of  the 
cxpandoil  air  is  one-third  that  of  Uie  atmosphere, 
a  result  in  accordance  with  Boyle's  law. 

219.  Despretz's  Experimests. — ^Tbe  simplicity  of 
Boyle's  law,  takon  in  conjunction  witli  ibt  uppaniot 
agreement  with  fiict»,  k-d  to  its  gciicriU  accH^'ptAiica 
ox  a  rigorous  truth  of  nature,  until  in  1825 
Dcsprc-tz  puhlished  an  account  of  exix^rimcnts, 
showing  that  diflereat  gases  are  unequally  oom> 
preesible.  He  inverted  in  a  cistern  of  mcrcory 
jrju  f  several   cylindrical  (ab(»   of  equal  height,  and 

w  tilled   them   with   difToreDt   gasoi.      ^le   whole 

I  apparatus  was  then  inclosed  tn  a  strong  glaa 

I  vcesftl  filled  vitli  water,  and  having  a  screw  piston 

I  as  in  (Ersted's  piesometer  (g  130).    On  pressure 

I  being  applied,  the  mercury  roee  to  unequal  heights 

I  in  the  difTercnt  tubes,  carbonic  acid  for  example 

J  Wing  more  ivdticcd  in  volume  than  air.     Thuse 

^^^^^^  experiments  proved  that  even  supposing  Boyle's 

^^B^^^  law  to  bo  true  for  one  of  tlie  gases  oin[ 

TSJatiBiiJ^fJf'  ''  <=""'<*  °o'  ^  rigorously  true  foe  mora 
one. 

In  18Sd  Duloiig  and  Aia^jo  undertook  a  laborious  serieft  of  ei 
montN  with  tlie  view  of  testing  the  accura^  of  tlio  law  as  applied  |o 
air;  and  the  n»ults  which  they  obtained,  oven  wh«n  tJie  presmre  was ' 
increased  to  twenty-seven  atiiicMpheres,  ■grc'cd  so  nearly  with  it 
to  confirm  them  in  the  conviction  that,  for  air  at  least,  it  was 
ously  true.    When  re-examined,  in  the  light  of  later  reBearches, ' 
results  obtained  by  Dulong  and  Arago  seem  to  point  to  a  ditTe 
conclusion. 

S20.  Daequal   Compressibllitr  of  Dlffsront  Oasos.— The  aneqv 
oompr««Hil>ility  of  dtir«renC  gases,  which  was  lintt  established 
De^retz's  experiments  above  described,  is  now  tufuatly  iutliilnt«d 
the  aid  of  an  apparatus  designed  by  Pouillet  (Fig.  122).    A  is  acast- 
irou  reservoir,  containing  mercury  sunnounted  by  oil     In  this  li 
liquid  dips  a  bronze  plunger  P,  the  upper  part  of  which  has  a  thi 
cut  u|>on  it,  and  works  in  a  nut,  so  that  thu  plunger  can  be  scrui 
up  or  down  by  means  of  tlio  l«ver  I<.     Th<'  nmervoir  A  oommunieatM 
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irao  taiM\  with  ruiothcr  oiet-iron  veeael,  into  whicli  are  firmly 
JmtUMd  two  tuM  'rr  abwit  six  ft'Dt  in  hagth  and  i^jth  of  nii  inch 
in  internal  diameter,  very  ciiFol'ully  calibr&t«d.  Kqun\ 
volumes  of  two  gases,  perfectly  dn,-.  arc  introduced  into 
these  tubes  through  their  upper  endft,  whicli  am  then 
hermetically  seslod.  The  plunger  ia  then  made  to 
descend,  and  a  gradually  incrraBing  preesure  is  exerted, 
the  volumoa  oocupiod  by  the  gasos  are  measured,  and  it 
it  aacortained  that  no  two  gases  follow  prvciscly  tho 
same  law  of  oompreesion.  The  differenoe,  however,  Ut 
almost  insensible  when  the  gases  employed  are  tliose 
which  ai«  v«ry  difEcnit  to  liquefy,  u  air.  osygen, 
hyilrvi'^vn,  nitrogen,  nitric  oxide,  imd  inArsh-ga».  But 
wiK>n  wo  compare  any  ono  of  thi<<«e  with  one  of  tiie 
uiure  liqueriable  gasea,  such  aa  carbonic  acid,  cyanogen, 
or  ainmoRtA,  the  ditference  in  rapidly  and  distinctly 
manifeeted.  Thus,  under  a  pressure  of  twonty-iive 
atmoapberes,  carbonic  acid  occupies  a  volume  which  18 
only  4th«  of  that  ooeupiod  b)-  air. 

ii\.  Sagnanlt'B  Eiparimenta. — Boyle's  law,  therefore, 
is  not  to  be  ooniu<lcred  as  rigoroualy  exact;  but  it  ia  so 

neiu-ly  exact  that  to  demon- 
strate ite  inaccuracy  for  one 
of  tlio  more  pcniiaiicnt  gaEvs, 
and  still  ni'Tre  to  dctcnnino 
th«  law  of  deviation  for  eac^ 
gaa,  very  preGi»e  metJiods  of 
measurement  are  neceaiary. 
In  ordinary  experiments  on 
compression,  and  even  in  the 
elaborate  investigations  of 
Dulong  and  Arago,  a  definite 
portion  of  gas  is  taken  and 
auocessively  diminiiOied  in 
volume  by  the  application  of 
continually  incn^sing  pres- 
sure. In  experiments  of 
this  kind,  as  the  pressure 
^Ptaats,  the  volume  under  measurement  becomes  smaller,  and  the 
pBcUon  with  which  it  can  be  measured  consequently  diiiiiiiishea. 
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Ri'iniault  aduptvd  the  plan  of  operating  in  all  ca^es  upon  Uie  aaine 
volume  of  gaa,  whicb  being  initially  at  ditferent  pressurae, 
wu  alwayi)  reduced  to  one-half.  The  pressure  wu 
obiieTved  before  and  after  this  operation,  and.  if  B<^1«'» 
law  were  true,  its  value  should  be  found  to  be  duublnL 
Id  this  WSJ  the  same  procisioa  of  measurvrntrnt  m  obtained 
at  high  as  at  low  prossure)). 

A  general  view  of  Rcgnault's  apparatus  u  given  in 
Fig.  123.  Tliere  is  an  iron  reservoir  oontaiiiiDg  meteuiy. 
furnished  at  the  U^  with  a  force-pomp  for  water.  Tlw 
lower  part  of  this  reservoir  communicatee  witli  a  cylindR' 
'vhich  ifl  also  of  iron,  and  in  which  are  two  opvniogs  to 
itiliiiit  tubes*.  Communication  W'^twetti)  tliu  n'MTvoir  and 
the  cylinder  can  be  etitabllslied  or  intirnipted  by 
vt  a  stop-cock  R,  of  very  exact  workmamhip.    Into  one 

of  the  opeoingH  is  fitted  tlw 
lowest  of  a  aeries  of  gliu>s  tubea 
A.  which  are  placed  end  to  end, 
and  firmly  joined  to  meix  othiT 


to 

or 

in.J 


by  metal  fittings.  M  u 
form  a  vertical  column 
about  twenty-llve  meiroa 
height. 

The  height  of  the  mercui 
column    in    this    long 
metric  tube  could  be 
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dtUrmLoi  by  means  of  reference  markii  placed  at  distnrici'S  of 
aboot  "SS  of  a  metre,  and  by  Uie  gnduation  un  the  tubes  forming 
the  upper  part  of  tlie  ooluma  Tlie  in««Q  temperature  of  the 
luarcuhal  colunut  vrw  giv«a  by  tliennometera  placed  at  ditferent 
baiglitH.  Into  th«  tecood  opuoisg  in  the  cytiuder  fits  Uiu  lower 
vxtreniity  of  tliu  tubo  B.  whidi  ut  divided  into  millimetres,  and  al»o 
^sugvJ  vritli  great  aceurw^.  Tim  tube  lias  at  its  upper  end  a  stop- 
cock r  which  can  open  oommuoicaiion  witli  the  nscrroir  T,  into 
wliidi  Uiu  gs8  to  be  oiwratwl  on  is  forced  and  eotiipresscd  by  means 
of  the  pomp  P. 

An  outer  tube,  which  is  not  shown  in  the  figure,  envelops  the 
tube  B,  and.  being  kept  full  of  water,  which  is  oootinually  renewed, 
taables  Ibo  operator  to  naintaiu  the  tube  at  a  ti^uiptTtiture  sonsibly 
asosUal,  wkidi  il  indicated  l^-  a  vi-ry  dclicaU;  thernioiiiuU.-r.  Bffora 
fixing  the  tube  in  ita  place,  tlic  ]wint  coi-res|x>Ddtng  to  tliu  mi<ldlv  uf 
lit  voluiDO  u  cart-fully  asoerUtiiKtil,  uiid  aftvr  the  tube  hiut  been  pur- 
BHOently  fixed,  the  dU(anoe  of  this  point  frum  the  nearest  of  the 
nferenee  marks  b  olaerred.' 

Alter  these  ex[^anafaHy  remarks  we  may  describe  the  mode  of 

<uultKting  the  experimente.    The  gas  to  be  operated  on,  after  being 

Ibvt  tborougbly  dried,  was  introduoed  at  the  upper  part  of  the  tube  B, 

■iMitop-cock  of  Uic  pump  being  kept  opun,  so  as  to  unable  the  ^^as 

to  «ucpel  tlio  mercury  and  occupy  the  ■.-ittire  length  of  the  tube.     Tlie 

pomp  waa  then  brought  into  play,  and  the  gas  was  reduced  to 

t  half  of  its  fonuer  vohitue;  the  pressure  in  both  cases  being 

by  observing  the  height  of  the  mercury  in  the  long  tube 

*1>^^  the  nearest  mark.     It  is  important  to  remark  that  it  is  not  at 

^1  accsBeary  to  operate  aln-aya  upon  uxactly  the  same  initial  volume, 

■Kac]  fkIuoc  It  exactly  to  onduilf.  which  would  be  a  very  tedious 

*f>»jBtiun;  thoao  two  oonditioiu  are  approxiuiat«Iy  fulfilled,  and  tliu 

1*^*1  uation  of  the  tube  enables  t^e  observer  always  to  ascertain  the 

"•^wal  volumes. 

^a.  Beenlts, — The  general  result  of  the  investigations  of  Rcgnault 


Si|Ma)l*>  appmlD*  vnw  Bml  l«  a  noall  Kiutre  b>irtr  of  klnut  fift««n  matna  in 

t,  (annliii;  i>4rt  at  Out  iMiUilingi  of  tb*  OoIUy*  da  Vmux,  uul  whlcb  had  fonnerly 

b«ai  tiy  tWTwl  far  BX\iittmiiubt  fai  hjrdmaUoL    Th*  tnwfli  onuld  UienCnra  ocmUiii 

^*y  tt*  hwif  put  cJ  I)m  nMiinwtfk  mhiian ;  th«  n|>p«r  puft  ttmi  alioiro  iba  jiiiiltrm  M 

^*  bf  (■(  Uu  towar,  n»Ua)t  nKBttitt  •  Mrt  td  inaM  wUdi  could  la  MOtndod  bj  tbs  ob- 

^*><r.    Ttw  r^lup  ImLJe  tli«  towot  oavld  bo  whId  bj  di(«ii>  of  >  MUwUnii«t«r,  bnt  (hl« 

***  top«MlUa  ta  ika  anaa  p-rtiun  <it  lb*  ocdoMiB,  mJ  tor  tliU  totaaa  Uw  tnbea  totmiog 
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is,  tliat  Boyl«'8  law  docA  not  oxactlj  repnsoot  tho  oomprcasibilJ^ 
i^vc'ii  of  &ir,  hydrogan,  or  nitrogen,  which,  with  carbnnic  acid,  wen 
tlie  gawa  operated  on  by  him.  Ue  found  that  for  all  the  gaacB  OQ 
wliicb  he  operated,  except  hydrogen,  the  prodnci  VP  of  tJie  Tolnna 
Aiid  pressure,  instead  of  remaining  constant,  as  it  would  if  Boyla's 
iaw  were  exact,  diminished  as  the  compreesion  was  iitcreasod.  Ihk 
diminution  is  particularly  rapid  in  the  casee  of  th«  more  liqactiable 
gases,  such  as  carbonic  acid,  at  li-axt  when  the  expcrimontM  nro  eoc- 
duetcd  at  ordinaiy  atntospheric  t«inpi^ratiircs.  Tliu  loWiT  tlie  tmn- 
(lerature,  the  greater  is  the  departure  from  Boyle's  law  in  tlie  caiw 
of  theae  gasaa.  For  hydrogen,  lie  found  the  depari^ire  from  Vaylea 
law  to  be  in  the  oppueit«  direction; — the  product  VP  inereeaed  aa 
tlie  gas  was  more  compressed. 

229,  Manometers  or  Prewan-gtngW. — Manometers  or  preitaare- 
gauges  are  iiutTumr^uts  for  menauring  the  elastic  force  of  a  gas  or 
vapoar  contained  in  the  interior  of  a  cloned  space.  Hits  olutio  fona 
is  generally  expressed  in  units  called  atmospheres  (§  198),  and  is  often 
measured  by  mvAns  of  a  column  of  mercury. 

WHien  one  end  of  the  column  of  mercury  ia  q>on  lo  tlio  a4r,  as  Id 
R4>gnnult's  «xperimeitt«  above  described,  the  gauge  is  called  an  open 
mercurial  gauge. 

The  open  mercurial  pressure-gauge  ia  often  uacd  in  the  arta  to 
measure  pressures  which  are  not  very  conaiderable.  Fig.  124  repre- 
sents one  of  its  simplest  forms.  The  apparatus  consists  of  a  box, 
generally  of  iron,  at  the  top  of  which  is  an  opening  closed  by  a  screw 
stopper,  which  is  tivversed  by  the  tube  b,  open  at  boUi  ends,  and 
dipiHng  into  tho  mercury  in  the  box.  The  air  or  vapour  wboae 
elastic  foroo  Lt  to  be  measured  ent<'n<  by  Uie  tube  a.  and  proesM  upon 
tbe  merCDiy.  It  Ls  evident  that  if  the  level  of  th4«  liqui<)  in  tlio  boxi 
ia  the  same  as  in  the  tube,  the  pressure  in  tho  box  miist  1m>  exactly 
equal  to  tlial  of  the  atro4«phere.  If  the  mercury*  in  the  tube 
above  that  in  ibe  box,  the  pressure  of  the  air  in  the  box  must  Axt 
tliat  of  tlie  atmosphere  by  a  pressure  corresponding  to  the  hei] 
the  column  raised.  The  prtasures  are  generally  marked  in  ntu 
spheres  upon  a  scale  biwide  the  tube. 

934.  Holttple  Branch  Hanometer.— \V1icn  the  proesoni  to  be 
snnd  ari'  o^nHidcralile.  as  in  tlu-  U>iler  of  a  high^prasntr* 
oDgine,  the  above  ittBtrument,  if  employed  at  all,  must  be  of  a  t< 
corresponding  to  (he  frcssure.     If.  for  inBtance,  the  pressure  Ini 
tion  is  eiirht  atmueplinrvs,  (ho  length  of  the  tube  must  ba  a( 


I 
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HxAOindiM^SOfeet  Such  an  annngenioiit  u  iiu!ODveni«Dievea  for 
Ktmtiouay  madunee,  and  in  entirvly  inapplicable  to  movaU«  initchinee. 

Wtthoat  depBTting  (rum  Uie  priDciplo  of  the  open  mercurial  preit- 
■me-gaage,  namely.  tb«  halniK-iug  of  tb«  pres<iare  to  be  observed 
■gainst  iImi  weight  of  n  liquid  iiipreaw<l  hy  oiiu  atmosphere,  we  may 
reduoe  the  length  of  tiie  in-ttniment  hy  an  arljfloe  already  employed 
by  Fahrsnhoit  in  hia  bsromet^  (§  207). 

Iho  apparniiu  for  this  poipoBe  consists  of  on  iron  tub«  ABCD 


!.:.■  r„ M„ri  'Mi.  ' 


(Fig.  123)  bent  back  upon  itself  fiovcral  times.  'I*h6  extremity  A. 
ootumonicates  with  the  boiler  by  a  stop-cock,  and  the  last  broocb 
CD  is  of  ^aas,  with  a  scale  by  its  side. 

The  first  step  is  to  fill  tb«  tnbe  with  mercury  as  far  as  the  Ivvel 

VM.    At  this  height  ore  holett  by  whidi  the  tuc-rcury  cacapea  when 

ii  TMcbes  tb«m,  and  which  ore  aftorward.s  hermetically  sealed.    The 

vffu  portions  are  filled  with  wat«r  through  openings  wbieh  are  also 

•kDfip«d  after  the  tube  ha»  l>een  fiUed.    If  the  mercury  in  the  first 

Wb,  vhidi  ti  in  communication  with  the  reservoir  of  gas,  falls 

tWigfa  a  dtstaoce  A,  it  will  oltvmatvly  riau  and  fall  through  the  same 

^^tut»  in  the  other  tubes.    The  difference  of  prt-Muro  hctwtdn 

^  l«o  ends  of  the  gouge  U  repnuionted  by  the  weight  of  a  column 

o(  aarenry  o[  height  IQK  diminitOiod  by  the  weight  of  a  column  of 

«tta  of  height  Sh.     Reduced  to  mercury,  the  difference  of  preeeure 

"tbiteforc  ICh  -x%  =  9-4h. 
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229.  CompTe«ed-«ir  UBaomettr. — lliia  instruments  whiob  Duty  b^ 
stitue  (iitferent  forma,  soiiietimeti  consixta,  as  in  Fig;.  126,  of  a  bent 
tube  AB  dosed  at  one  end  a,  and  containing  within  the  space  Aa  a 
quantity  of  air,  which  is  cut  off  from  external  oommunication  by  a 
ooIumQ  of  mercury.  The  apparatus  has  been  so  ooostmcted,  thai 
when  thu  pnMKurv  on  B  is  oqual  to  t)tat  of  the  atcwapbent,  tho  mvc^ 
L-tiry  Htands  at  the  same  heiglib  in  both  bran^ea;  so  tliat,  nndv 
theae  circuinstaDOes,  th«  iiiclos«<l  air  in  exactly  ai  aUuottpherio  ]>ros- 
iiure.  But  if  the  prf-j»iire  increases,  the  mercury  ia  forced  into  the 
left  branch,  so  that  the  air  in  that  branch  is  oompr«»ed,  until  et\ui- 
librium  is  established.  The  presaure  exerted  by 
the  gas  at  B  is  then  equal  to  the  pressure  of  tite 
oompreeMd  air,  together  with  tltat  of  a  column  of 
incrcuiy  equal  to  the  diflercnoe  of  level  of  tho  liquid 
in  the  two  branohea  Thin  pressure  is  usoally 
expre&sed  in  atmospheres  on  the  scale  ab. 

The  graduation  of  this  Rcale  is  effected  empiri- 
cally in  practice,  by  placiii£  the  maoometcr  in 
communication  with  a  nMuroir  of  coinprosaed  an 
"^i^SulSSCir"''  '*■'"'**  preisure  is  given  by  an  open  mercurial  gauge, 
or  by  a  standard  nianoitii^bcr  of  any  kind. 
If  the  tube  AB  be  sappoeed  cylimlrical,  the  gnduatiun  con 
calculated  by  an  application  of  Boyle's  law. 

Let  I  be  the  lcn<:th  of  tlie  tube  occupied  l^  the  iDdosed  air  wh.i 
its  pressure  is  equal  to  that  of  one  atmosphvro;  nt  the  pcnat  to  whi 
the  level  of  the  wcreuiy  rmes  i»  marked  tiie  number  I.    It  is  rvquii 
to  find  what  point  the  end  of  the  liquid  column  should  roach  wlj 
a  pressure  of  n  atmospheres  is  exerted  at  B.     Let  x  be  Uto  hci)*bt 
this  point  above  1 ;  then  the  volume  of  the  air,  which  was  originall 

basbeoomol  — z,  and  itAprcMurc  is  therefore  equal  to  Hj-^-^H  1- 

the  mean  height  of  the  barometer.    This  pressure,  together  wilti  i 
due  to  the  difference  of  level  2x,  is  equivalent  to  n  atuospl 
We  have  thus  the  equation^ 


whence 


tif  -  (>H  +  «)«+(■-  1}  ma  ft 


,     mR  +  V*  V{wte-ffll'-8lB-lFiar. 
4 


We  thuD  find  two  %-alucs  of  x;  but  that  given  hj  taking  the 
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I  uf  the  ratltcal  is  inadmissible:  for  if  w«  put  n=l,  wo  oii^ht  to 
vtt  x=0,  whidi  will  not  be  the  ca^e  unless  the  sign  of  the  nulical 
negative. 

^  giving  «  the  nuoceasiTe  values  1(,  2,  2^,  3,  kc,  in  thi« 
for  X,  we  find  the  points  on  the  scale  corresponding  to 
I  of  one  atmoephcre  and  a  lialf,  two  atmospheres,  kc 
Aa  tb«  ptiWBoni  ineroascs.  tii«  di-stnucu  travcn*!.^  by  the  mercur)* 
tat  an  iocrtunent  of  premure  e<iual  to  one  ntuimphcre  bocoinut 
ooBtinualljr  Ices,  and  the  sensibility  of  the  instrument  acoordinf^Iy 
ilncmiain  Tht«  inconvenience  U  partly  avoided  by  ihe  an-an^- 
tBent  shown  in  Fig.  127.  Tlie  branch  oontaioing  the  air  is  made 
ttpenng  so  that,  as  the  mcrctiry  ri»e8,  equal  changes  of  voliiiue 
■mrespoiid  to  inerrosiiig  Ipo^Im. 

8i6.  KetalUe  Manometers. — Tlie  fra^lity  of  glass  tubes,  and  the 
ftct  tliat  they  are  liable  to  become  (^)ai)ae  by  the  mereurj'  dinging 
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Pl^  It*.— Bwiiilm'»  Pv^mu  i  l^at*- 

tlMir  std09,  are  aurious  drawbacks  to   thetr  use,  oapcciuUy  in 

in  motion.    Accordingly.  mcUlliu  manouietora  am  often 

J.  their  indications  depending  upon  changes  of  fornt  eflvctcd 

*i^  ttt  inssure  of  ga»  on  \X»  containing  vcsael.     We  sliall  hero  men- 

taxm  only  Bourdon's  gauge  (F%.  128).    It  oonaista  essentially  of  a 

coppir  ttibe  of  elliptic  section,  which  is  bent  through  about  5W,  a» 

wfwwtntod  in  the  6gure.     One  of  the  extrvmitii-s  ooinuiunicatvs  by 

*  *t«f«>ek  with  thu  reservoir  of  slvam  or  coiupresscd  gas;  to  Ute 

.  ''^^  ccitvtiDity  is  attached  a  st4^«l  ae«dli>  which  trHvcrscH  a  scale:. 

**h<n  the  preamn)  is  the  same  within  and  w  ithout  the  tii)^>e  the  end 

**  *^  needle  stands  at  the  mark  1 :  but  if  Uie  pressure  within  the 
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I  tulto  inrwaftw.  the  curvature  diroini&hes,  the  free  extremity  of  tiu 
tube  moves  away  from  the  fixed  exti«niity,  and  the  needlo  timveno 
the  .scale. 

S27.  Mixtnre  of  Qbmb. — Whoa  gnwe  of  ditfereDt  deiuittca  an 
inclosed  in  the  isamu  Hpoco,  cxpcrinivnt  shows  tliat,  OTcn  uador  tin 

itiiMC  unfnvourable  drcQn»t*ncoi,  u 
intimate  mixture  takea  places  so  thai 
<^actl  gas  becomes  uniformly  ditfusM 
through  the  cntiro  spnoc).  This  Cm 
^^^^^^^  has  been  shown  by  a  di'cuiive  ax 
U  petimeot  due  to  BerthoUet     He  took 

|2  two  globes  (Fig.  129)  which  ooah 

^L.  be  screwed  together,  and  pUc«d  theo 

r  in  a  ci'llar.     The  lowvr  glob«  wai 

^^^  filled  with  ou-bonio  acid,  the  npfw 

^  globe  with  hydrogen.  Communicatio) 

was  eatabliahed  bettreen  them,  mat 
after  HOme  time  it  was  ascnrtainm 
that  the  gasea  had  become  uniformlj 
mixed;  tiie  |m>pcHrtJon8  being  tb 
same  in  both  globea  Gaseous  difl\i 
aioQ  is  a  cx>mparatively  rapid 
The  (litl'tuion  of  liquids,  wht-n  not  ossiiitud  by  gravity,  is,  im 
other  hand,  exceedingly  alow. 

If  sevenl  gaaea  ara  iBcloae<l  in  the  saioo  apaoo,  eadi  of 
exerts  tlie  same  pressure  m  if  tlio  otliera  were  al»ents  b 
words,  the  prcs-tare  exerted  by  the  mixture  is  etjual  to  the  aai 
tiu  preaBOTM  which  each  would  exert  tu^]>arately.     This  is 
aa  "  IMlen's  law  for  gaseoos  mixtures."    The  separate 
can  I'tiHily  bo  calculated  by  Boyle's  law,  when  the  original  |ir 
and  vuhuiie  of  each  gas  nrv  known. 

For  example,  let  V  and  P,  V  and  P,  V"  and  P"  bo  the  v. 
and  prenmree  of  the  ga.sea  which  are  mode  to  pana  into  a  vi 
volmne  U.     The  tirat  gas  exerts,  when  in  this  venel,  a  y 

Gqtial  to  -^ ,  the  second  a  pressure  equal  to  -'^^  ,  tbe  third  a  {>j 

cqoal  to  -rj~.  and  00  on,  so  that  the  total  pressure  M  is 

^  *  T  *  ^-  **"'•«*  MU  =  TP  +  VT-  +  V'P". 
Tliia  law  can  easily  be  TCrificd  by  passing  differeot  V' 
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gM  into  Wk  gndaat«d  glass  jar  inverted  over  mercury,  after  having 
Bnt  tneasured  their  volumes  and  preesurea.  It  may  l>o  oUtorved  that 
Boyle's  law  is  merely  a  particular  case  of  thia.  It  is  -xhal  thia  law 
bwomea  when  appllvd  to  a  mixtttro  of  two  portions  of  the  same 

228.  Absorption  of  QasM  by  Liquids  and  Solids. — All  gases  are  to 

k  gnator  or  kae  extont  soluble  i&  wat«r.     This  property  is  of  coo- 

L     ^Umble  inportanoo  ia  tlie  ecuuomy  of  oature;  thus  thu  llfv  of 

H    ifutic  aninuUs  aod  plants  is  sustained  by  tJie  oxyg«n  of  the  air 

V  *Uch  tlw  water  holds  in  solution.    The  wlunui  of  a  given  gaa  that 

V  m  le  dis8<dved  in  water  at  a  given  temperature  is  generally  foun<I 
■  to  bo  approximately  the  same  at  all  prL-E»mreii,'  and  the  ratio  of  this 
'       VdJobo  to  that  of  the  water  which   disttolvut  it  is  called  the  co- 

ffloiMt  of  tUv^ility,  OT  of  abiwriiiivti.  At  tlic  tempcmturv  0° 
Cmt,  the  ooefficMnt  of  solubility  for  carbonic  acid  is  1,  for  oxygen 
^.   and  fur  aminonia  ll&O. 

Xf  >  mixture  of  two  or  more  gases  be  place<l  in  contact  witli  water, 
**clk  gu  will  be  dissolved  to  the  same  extent  as  if  it  were  the  only 
Ps  fmeuL 

OfW  liquids  as  well  as  water  pixaesn  the  power  of  absorbing 
***<^i,  according  to  the  Hamo  Laws,  but  with  coefficients  of  solubility 
*oici  are  different  for  each  liquid. 

IcunaM  of  toniperaturo  diminishes  the  coefficient  of  solubilitv. 

«ad)  b  redoood  to  zero  when  the  liquid  boils. 

^Gue  solids,  especially  charcoal,  possess  the  power  of  absorbing 

Boxwood  charcoal  absorbs  about  nine  times  its  volume  of 

^^y^toi,  and  aboat  ninety  timw  its  volume  of  ammonia.    When 

^^^Uaatcd  with  uiie  gas.  If  put  into  u  dilTi-reut  gas,  it  gives  up  a  por- 

^*^*<k    of  tliat  which  it  tiret  absurltud,  and  takes  up  in  its  place  a 

I^^AXitity  of  the  Mieood.    Finely-divided  platinum  fundensc^  on  the 

**>«Tmoi  of  its  particles  a  lug<!  quantity  of  many  gamt:*,  amounting 

^    ttw  cue  of  oxygen  to  many  times  its  own  volume.     If  a  jet  of 

Hydragsa  gas  be  allowed  to  fall,  in  air,  upon  a   bsll  of  spongy 

1      plalifnon,  the   gas  combines   rapidly,  in   the   pon<»  of  the  metal. 

I       vrith  th«  oxygen  of  the  air.  giving  out  an  amount  of  heat  whidi 

I       r»tad«n  the  pjatioum  incandescent  and  luually  aitUt  iire  to  the  jet 

I      0*  hyirigtn. 

■  Hum  wUdi  bare  in  ordinary  circumstances  a  film  of  air  adhering 
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to  their  Burfacee.  Hence  iron  Blings,  if  carefully  sprinkled  on  water, 
will  not  be  wetted,  but  will  fioat  on  the  aurface,  and  hence  alao  tlie 
power  which  many  insects  have  of  running  on  the  surface  of  water 
without  wetting  their  feet  The  film  of  air  in  these  cases  prevents 
wetting,  and  hence,  by  the  principles  of  capillarity,  prodacflB  in- 
creased buoyant^. 


CHAPTER  XX. 


AIR-PITHI>. 


229.  Air-pBiap. — ^The  air-pump  WM  bTent«<!  by  OUo  Ouericko 
(bout  IGoO,  and  han  aince  un<lei;g;OQ«  some  improvements  in  detail 
vt^<^  have  not  altered  the  essential  parts  of  its  oonstniction. 

fig.  130  repre&enta  tlie  pattern  most  commonly  adopted  in  Frsnoe. 
tt  oooUios  a  glass  or  metal  cylinder  called  the  barrel,  in  which 
I  oiMoa  works.  This  piston  has  an  opening  through  it  which  is 
doiffed  at  tho  lower  end  by  a  valve  S  opt^ning  upwanbi.    The  barrel 


n»  IM^Au  pcUDp 


"imicates  with  a  piussn^  leading  to  the  centre  of  a  braj»  sitrfaoo 
^*^IIy  polished,  which  is  called  the  plate  of  (ho  air-pump.  Thv 
^^<^  to  the  passage  is  cloaed  by  a  conical  ctoppcr  S^,  at  the  ex- 
^'"^ty  of  a  metal  rod  which  passes  through  the  pLston-head  and 
'*K«  in  it  tightly,  so  as  to  be  carried  up  and  down  with  the  motion 
*"*  piston.  A  catch  at  the  upper  part  of  the  rod  confines  its 
^'ott  within  very  narrow  limits,  and  only  permits  the  stopper  to 
*  soull  dialAnoe  above  the  opening. 


Suppose  now  t)iAt  Ute  piston  is  at  the  boitom  of  the  cj'Under,  u 
Lh  raUed.  The  valve  S'  ia  opened,  and  air  from  the  receiver  E  ruahi 
into  the  cylinder.  On  lowering  the  piston,  the  valve  S'  closes  ii 
opening,  the  air  which  has  entered  the  cylinder  cannoi  return  inl 
the  receiver,  and,  on  being  compressed,  raises  the  valve  S  in  tl 
piston,  oud  eecapvs  into  thu  air  outeidc.  On  raising  the  pixbi 
ii^n,  a  portion  of  the  air  romnining  in  the  rvcciwr  will  pus  in) 
tli«  cj'littdor,  whence  it  will  «ttca[>e  on  puidiing  down  the  piston,  aa 
so  on. 

We  see,  then,  that  if  this  motion  be  continued,  a  fr«sh  portion  < 
the  air  in  the  receiver  will  be  removed  at  each  successive  strok 
But  as  the  quantity  of  air  removed  at  each  stroke  is  only  a  fractic 
of  the  quantity  which  was  in  the  lucolver  at  the  beginning  of  tl 
stroke,  We  can  never  produce  a  perfect  vacuum,  tliough  wo  nu^ 
approiich  im  near  to  it  aa  wc  pleased  if  this  wer«  tlie  only  ubstaele. 

S30.  Theoretical  Bate  of  Exhaustion. — It  is  easy  to  calculate  J 
quanti^  of  air  left  in  the  receiver  after  a  given  number  of  stroki 
of  the  piston.  Let  V  be  the  volume  of  the  barrvl,  V  Uiat  of  111 
receiver,  and  M  the  mass  of  air  in  the  rvceiver  at  6xtX.  Oa  laUl) 
tlie  piston,  the  air  which  occupied  the  volume  V  oocupieo  a  volniD 
V  -i-  V;  of  the  air  thus  expanded  the  volume  V  Is  removed,  and  th 

volume  V  left,  being  ^r^y  of  the  whole  quantity  or  maM  U. 
quantity  remaining  after  the  sieoond  stroke  ig  y.~rT  "'  ""'  ^^ ' 

fiwty  or  b  (yr^)*M;  and  afu-r  n  strokes  (^^)"M.     HetmJ 
denai^r  and  (by  Boyle's  taw)  the  pranire  are  escb  reduead 
strokes  to  ( v-^-v)"*  of  their  original  values. 

TliLi  calculation  givea  the  theoretical   rate  of  cxhauatioQ 
perfect  pump.     Ordinary  putiipet  oome  u»arly  up  to  tlits 
during  the  earlier  part  of  the  process  of  exhaustioni  but  a 
progress  b  made,  die  imperfections  of  the  apparatus 
sensible,  and  set  a  limit  to  the  exhaustion  attainabla. 

£31.  Mcreurial  Oangea. — ^To  enable  the  t^terator  to  ol 
progTEW  of  the  exhaustion,  tlio  instrument  is  usually  prui 
a  mercurial  gauge.     SomeUmi-n.  as  in  Fig.  130,  this 
ahort  siphon-barometer,  the  ditlen-nce  of   levels   bet 
odiunns  being  the  measure  of  the  pressure  in  the  rMeiTer.| 
plan  is  to  have  a  stiaigbt  tube  open  at  both  ends,  and  mc 
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long;  Hs  nppet  end  beinj;  connected  with  Uie  receiver,  vrbile 
knrar  e»d  dips  into  s  dstem  of  mercuiy.    An  cxluuittton  pro- 
tb«  mereiuy  rises  in  this  tube,  and  its  height  above  tli« 
'mmmry  in  the  ci-uifm  measures  the  diflbrence  between  the  prei«ure 
ill  the  receiver  and  that  in  ttie  external  air. 

S32.  Admis«ioa  Stop-eook. — After  the  receiver  has  been  exhausted 

of  air,  if  it  wvn>  required  to  nise  it  front  the  plate,  a  verj-  consider* 

able  f(irc«  would  be  ne«M«ai7,  amounting  to  as  many  times  liCU'en 

poonda  as  the  baw  of  the  receiver  contained  square  inches.    This 

diiBealtj  ia  obviated  b3r  baring  an  admission  stop-eock  R,  which  is 

•hown  in  section  above.    It  is  pvrforated   by  a  straight  clinnnel, 

which,  when  the  madiine  b  being  worked,  forms  part  of  tJie  eom- 

anniesting  passage;    At  90°  from  Uio  extremities  of  this  channel  Is 

aootber  opening  O,  forming  the  mouUi  of  a  bent  passage,  leading  to 

the  •xtcrnal  air.     When  we  wish  to  admit  the  air  into  the  receiver, 

Ho  havp  nnlj  to  turn  the  stop-oock  aoaa  to  bring  the  opening  0  to 

the  nde  next  the  receiver;  if,  on  the  contrary,  we  turn  it  towards 

tlie  paap-barre],  all   oommunication   between  the  pump  and   the 

I  ncrirer  is  stopped,  the  risk  of  air  entering  is  diminished,  and  the 

*miun  remains  good  for  a  greater  length  of  time.     This  procautiun 

'4  taken  when  we  wish  to  leave  bodios  in  a  vacuum  for  a  oon.Mdcr- 

■Ue  time;    Aootber  method  ia  to  employ  a  aeparat«  plate,  which 

'  Wl  be  dtftacbod  so  as  to  leave  the  machine  available  for  other  pur- 


S33.  DoQble-barrelled  Air-pnmp. — The  machine  just  described  has 

"•ly  a  tingle  pump-barrel;  air-pumps  of  this  kind  are  sometimes 

•nplnyed,  and  are  usually  worked  by  a  lover  like  a  pump-handle. 

~TitJi  tJiis  arrangement,  it  is  evident  that  no  air  is  expelled  in  the 

>^*-D-«tn>kc;  and  tluit  the  pittton,  after  having  expelled  the  air  from 

wA    barrel  in  the  up-stroke,  must  descend  idle  in  order  to  prepare 

'■>■'  the  oext  stroke. 

l^bl»-barrelled  pumps  are  more  Ar«qii<^ntly  used.    An  idea  of 

^general  arrangement  may  be  formed  from  Figa.  131,  i:i3.  and 

Ut.    Tl^  13.^  gives  the  machine  is  perspective,  Fig.  131  b  a  section 

[  ^Wlgb  ibe  axee  of  the  pump-barrels,  and  Fig.  132  shows  tbe  manner 

'  *^iidi  eommnniuitioD  is  established  between  the  receiver  and  the 

l*D  hamla.    It  will  be  observed  tluit  the  two  pnwsgM  ftom  tbe 

kmi»  anito  in  a  single  passage  to  the  centre  of  the  plnt^  p. 

Two  radta  carrying  the  pbtons  CC  work  with  the  pinion  P.    This 

JoQ  is  turned  by  a  double-handed  lever,  which  is  moved  alter- 
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K  in  opposite  directions.     In  this  arran^nidot,  when  one  pU 

lU  ttic  other  de-tcendu,  and  conaequentlT  in  each  single  ait 

lair  of  the  receiver  pa^isee  iuto  one  or  other  pump-bamL 

itiin  is  thus  produced  by  half  the  number  of  etrolcott  which  wo 

eqiiired  with  a  sm};le'I»^i^'^'ll<-'d  pump.     It  has  boudea  uiot 

cnnUL^.   as    compared    with    the    single-barrellvd    pump   ah 

cribud.    In  that  pump  tlie  foroo  rtquircd  to  rai«o  Ui«  ■pit 

increasee  M  tb«  sxlu 
tioa  proceeds,  tnd  w 
it  is  nearly  oomph 
tbere  is  the  r«aistano( 
alntost  an  atmospben 
be    ovorcoma.       In 


na.  tn.  UMbl»tamllid  •■ijiBj 

double-barrelled  puuip.  with  tha  Mme  ooostrucUoD  of 
force  oppoaing  the  accent  of  one  piston  'u  precisely  eqc 
begioning  of  each  stroke,  to  tbat  whiob  assists  tbs 
the  other.    This  equ&litj,  however,  exiAta  only  at  tbe 
of  tlie  atrokoi  for  tlm  air  below  thv  d(»c«ndiQg  piston  is  < 
and  ltd  tomiou  incrcaiMM  till  it  bcoomes  equal  to  tliat ' 
sphere  and  rai»es  the  piston  valve.    During  the 
stroke,  the  resistanoe  to  the  ahvent  of  the  other  pist<mJ 
uncompensated,  and  up  to  this  point  the  compcmuUic 
gntdually  diminliihing.     But    the   more  nearly  we  apJ 
et  vacuum,  tlii;  later  iu  Uie  stroke  does  Uus  conip<'r 
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The  pQinp,  acoordia^j,  beoomee  eaaier  to  work  as  the  exbaustioo 
uiocwadii 
SS4.  SiDjrle-tiaTTelldd   Ptunps  with   Donbla  Action. — We  do  not, 
■Ikowovcr.  nxtutre  two  pump-barreU  in  order  to  obtain  double  action, 


tif.  IM,— Xlt-poDp, 

ttaauDe  effect  may-  be  obUined  urilh  a aio^^e  barrel.    An  arraoge- 
I  br  this  purpose  waa  long  ago  suggested  by  Delahire  for  watcr- 
I  l'*uiife;  bat  the  principle  has  only  lately  been  applied  to  the  con- 
*^ctioa  of  atr^pumps. 

fig.  134  repreMOto  the  singlu  bftrrcl  of  tlie  doubk-ncting  pump  of 

BWlii.    It  will  bo  BOttu  that  Uia  pijrton-valve  opetis  into  the  hollow 

PWoo-rod;  a  aeoond  valvo,  also  opening  upwaixls,  is  placed  at  the 

^tl  Uw  pump-bamiL     Two  other  openings,  one  above,  the  other 

^'<^,s«rve  to  eataUiah  communication,  by  means  of  a  bent  vertical 

*nli^  between  the  pump-barrel  and  the  passage  to  the  plat«.     Thwie 

OpninCB  are  doeed  alternately  by  two  conical  stoppers  at  tl»o  two 

^tttnoiiiw  uf  a  metal  rod  passiiig  through  the  piston,  and  carried 

*^  it  la  ibi  verticaJ  uovt^mcut  by  means  of  frictiuu.     When  the 
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jMston  a.<icends,  aa  in  the  figure,  the  upper  opening  ia  doeed  and  the 
lower  one  is  open;  when  the  piston  liL-yins  to  (icsCOTid,  the  opposite 
cfFect  ia  immediately  produced.  Accordingly  wc  seo  Ui»t,  whichever 
be  the  direction  in  which  the  piston  m  raoring.  the  receiitir  is  being 

exhawted  of  air.  In  fact,  when  the  pis- 
ton ascends,  air  from  the  receiver  will 
enter  by  the  lower  opening,  and  tlie  air 
above  the  pi&ton  will  be  gradually  oom- 
prtiaeed,  and  will  finally  esci^  by 
valve  above.  In  the  defending 
ment,  air  will  enter  by  the  upfter  openiii 
nad  the  compressed  air  beneath  tbe  pial 
will  escape  by  tbe  piston-valve.  Thu 
movemoQt  of  the  piston  is  produced  byi 
peculiar  arrangemant  shown  in  Fig.  1S5.' 
v.'hich  gives  a  general  vit^w  of  the  ap- 
parattiH. 

The  pump-barrel,  which  is  eompoeed 
entirely  of  cast-iron,  oscillates  about  aa 
axis  passing  through  iia  baae.  On  the 
top  are  guides  in  which  the  end  of  a 
crank  travelo.  The  pump  is  worked  by  turning  a  heavy  fly- 
wheel of  cast-iron,  on  t)te  axis  of  which  is  a  pinion  which  drivn 

a  toothed  wheel  on  tho  axis  of  the 
crank.  The  end  of  the  cmok  is  attached 
to  the  extremity  of  the  pt8too>rod.  It 
if*  evident  that  on  turning  the  fly-wheel 
the  pump-barrel  will  oadltate  from  wda 
to  .lide,  following  the  motions  of  tlw 
crank,  and  the  ptstou  will  alt«niat4tly 
osoi^nd  and  dcocend  in  the  barrel,  the 
length  of  which  should  be  oqaal  to  lli« 
diameter  of  the  circle  described  by  the 
I  II  end  of  the  crank. 

i_irJj^  -^  23S.  En^Iiah    forms   of   Air-psiap.— 

Some  of  the  drawbacks  to  the  aiE^te- 

barrelled  pump  are  obviated  by  inMrtiof 

a  valve,  opening  upwards,  in  the  top  of  the  barrel  as  at  tJ,  Fig.  136. 

The  top  of  the  piston  in  Uius  relieved  from  atmospheric  ptcwose, 

and  the  operation  of  pumping  docs  not  become  mor«  Uboriow  m 
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tho  exhaustion  proceeds,  but  leas  laborious,  ihu  ditrcrcuee  boiag  uhmI 
tiinrkc-d  wlioo  ihc  receiver  is  Hinatl. 

In  tliu  up-stroke,  th»  pistou-^-alvo  V  keeps  tihut,iutd  Uie  air  above 
i)i«  pistoii  ia  pushed  oul  of  Uie  barrel  ihrougb  the  valve  T7.  In  tbe 
down-stroke,  U  is  kept  closed  by  the  prepouderanoe  of  atmospheric 
pressure  outade,  azkd  V  opens,  allowing  the  air  to  pass  up  throu^ 
it  as  the  pist<Hi  desoenda  to  the  bottom  of  the  barrtL  W'hea  tlw 
exhaustion  is  far  advanced,  U  doee  not  open  till  ihu  piston  lua 
nearly  reached  the  lop.     Tliis  is  a  simple  and  good  form  of  pump. 

Another  form  very  much  in  use  in  this  country  is  the  double-act- 
ing pump  of  Professor  T.  Tate,  the  working  parts  of  which  an- 
shown  in  Fig,  137.  CD  is  the  liarrel;  A  and  B  ans  two 
solid  pistons  rigidly  connected  by  a  rod.  and  moved  by 
the  piston-rod  AH,  whidi  pasees  through  a  stoflhig- 
box  3.  W  are  valvus  in  Uio  two  ends  of  the 
botli  opening  outwards,  and  R  ts  a  paRsage 
from  the  middle  of  the  cj'linder  to  the  receiver, 
distance  between  the  extreme  faces  of  the  pistons  it 
about  |ths  of  an  inch  less  than  haif  the  length  of  thv 
cylinder.  The  volume  of  air  expelled  at  each  singir 
stn^fi  is  thus  about  half  tliu  volume  of  the  cylinder. 

This  fi^^ire  and  dc«n-i]>Uon  are  in  acoordanee  will) 
the  original  account  of  the  pump  given  by  the  invcolGi 
in  the  Phitooopkical  Mat/azine.  It  is  now  usual  to  replace  the  two 
pistons  hy  a  single  piston  of  great  thickness,  its  two  faces  being  u 
far  apart  as  tho  extreme  faces  of  the  two  pistons  in  tlie  figora  l\ 
a  aUw  usual  to  make  the  barrel  boiizontal. 

The  valvee  of  these  pumps,  and  of  most  English  pumps  ant " 
valves."    They  consist  of  a  sliort  and  narrow  slit  in  a  thin  plat* 
brass,  with  a  Hap  of  oiled  silk  secured  at  both  ends  to  th«  plate, 
such  a  position  that  its  central  portion  covers  the  slit.     WImso 
pnssura  of  the  air  is  greater  on  the  further  side  of  the  platv 
on  the  side  where  the  silk  is,  the  flap  is  slightly  lifted  and  the 
gets  through ;  but  excess  of  pressure  on  the  near  side  presses  the  daf> 
down  over  the  slit  and  mokes  it  air-ti;;lit. 

236.  Various  Experimests  with  the  Air-pump. — At  the  time  «i0 
the  air-putitp  wtut  invi^nttid^  several  experimenta  were  deviwd  tir 
show  the  effects  of  a  vocutun,  some  of  which  have  beoome  rliMJnl^ 
and  are  usually  repeated  in  ooursee  of  experimental  phyaiei. 
Bunt  Bladder. — On  the  plat«  of  an  air-pump  <Fig.  138)  h 
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gUn  cylinder  open  at  the  bottotu,  and  hftving  m  piece  of 
'.n  or  thin  indiao-rubber  tightl}'  strctcbed  over  tb«  top.    As 
Uw  exluuistioo  proceods,  this  bi-itds  inwards  in  coosequeoce  of  the 
ataKMphtric  prsnuro  above  it,  and  finally  bunta  with  a  loud  mport. 
UagdAtury  Hemiiipli«rt».—Vic  take  two  hemiapberes  (Fig.  139), 
which  euk  be  oxactty  fitt«d  on  each  oUwr;  their  exact  adjuittuie»t 
b   further  BAHisted   by  a 
prelecting    tnt«rnal    riin, 
which    is    smeared   with 
lard.      The  apparatus  it 
oxhauAtud  of  air  through 
th«  medium  of  the  stop- 
cock attach«d  to  one  of  the 
benxtaphens ;    and    when 
•  vaeaom  lias  buen  pro- 
eed.  it  will   bo  found 
B  couNiili<rabl«  force 
U    r«quin.*d    to   Mipante 
ih»  two  porttt.  iliis  force 
tiW3«anng  with   th«  size 
'J  the  beuu»]ibereB. 

ThtM  ruMstanoe  to  sep- 

Mlion  is  due  to  the  norma]  ext«rior  prc^tire  of  tlic  air  on  ever^' 

fdat  of  the  HuHaco,  a  pn«)ui-e  which  is  couiitvi'balanced  by  only 

t  very  fcoblo  premure  from  the  interior,     la  carder  to  estimate 

the  msultant   elFcct  of   tliese   different   pressures,  let  us  suppose 

tiuu  one  hemisphere   is  vertically  over  the  other,  and   that  tba 

surface  is  cut  into  a  series  of  steps, — that  is  to  say,  of 

vertical  and  horizontal  clcinonta.     It  is  evidi.-nt  tltat  tbo 

ur^ng  ojthfr  hemUphc-iv  towards  the  other  will  bu  simply 

■urn  of  the  preesonw  upon  it«  horizontal  cleinontA;  and  this  sum 

itWatical  with  the  prt---<--«tii-o  which  would  be  exerted  upon  acir- 

^ulv  uca  equal  to  the  couiiuon  base  of  the  hemispheres.     Fur 

iple,  if  this  area  is  10  wiuare  inches,  and  the  external  pn-ssuro 

the  internal  fc^  14  lbs.  to  the  inch,  the  hemispheres  will  be 

P>Mim]  together  with  a  force  of  140  IIjis. 

fountain  in  Vacuo. — The  apparatus  for  thu  vxperitiient  consists 

bell-sbaped  vessel  of  glass  (Fi);.  1 40).  the  bnse  of  which  is  pierced 

lube  fitted  with  a  stop-cuck  which  unabivs  us  to  exhaust  the 

1  uf  air.     If.  after  a  vacuum  ban  been  produced,  we  place  tbe 
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lower  «nd  ot  the  tube  in  a  vessel  of  water,  and  open  Uie  stop-oock. 
tho  li([uiil.  bning  pressed  externally  l>y  Uie  atnioAphere,  mouota  up 
the  tube  and  ascends  in  a  jot  into  tht;  interior  of  tbe  veeseL  Tlii^ 
experiment  is  oftoa  made  in  the  opposite  tnannor.  Under  the 
receiver  oE  thv  air-puuip  is  placed  a  vial  portJy  iUlcd  with  watrr. 

and  having  its  cork 
pierced  by  a  tubo 
open  at  botli  eodii. 
the  lower  owl  being 
bcni.!Atli  tho  Riirface 
of  the  water.  As  the 
exhaustion  prooeedR, 
the  air  in  the  vial, 
l^  ite  excivw  of  pn»- 
sare,  acts  apon  the 
liquid  and  makes  it 
issue  in  a  jet 

iSr  Limit  to  tha 
AotioD  of  tho  Air- 
pomp. — We  have  mid 
above  (g  230)  Uiat  the 
air-pump  does  not 
continue  the  jmetm 
of  rarefaction  indefi- 
nitely, but  that  at  a 
certain  stage  its  effvel 
ceases,  and  the  pressure  of  the  air  in  the  receiver  undei;go<a  BO 
further  diminution.  If  the  pump  is  very  badly  mad«,  this  pna* 
sure  is  cotLsidt^rable;  but  even  wiUi  the  most  perfect  machinea  it  la 
always  senctible.  A  pump  such  ae  we  have  described  may  be  ooa- 
sidered  good  tf  it  reduces  the  pressure  of  the  air  in  the  receiver  b> 
a  t«nth  of  an  inch  of  mercury.  A  fiftieth  of  an  inch  is  per)»i» 
lowest  limit. 

ItEAXAGE: — Tilts  limit  to  the  actjon  of  the  madiine  is  duo  to 
OQ*  eaune.  In  Uic  fint  place,  there  is  frctjueotly  leakage  at 
partA  of  the  apparatus;  and  although  at  tlte  beginning  of  the 
tion  the  quantity  of  air  which  thus  enters  is  small  in  ooni 
with  that  whidi  is  pumped  out,  still,  as  the  exhaostion  prooeeda.  the 
ur  enters  faster,  on  account  of  the  diminished  internal  preastire,  and 
at  the  same  time  the  quantity  expelled  at  each  Ktroko  becotsM 
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ao  that  aX  length  a  point  is  reached  at  which  the  inflow  and  outflow 
are  equal 

In  order  to  prevent  leakage  as  Ear  as  possible,  the  plate  of  the 
pump  and  the  base  of  the  reocivor  must  be  truly  plane  so  as  to  fit 
accurately;  the  baM  of  the  receiver  must  t>e  ground  (that  is  rough- 
ened) and  must  be  well  greoaed  before  preasing  it  down  on  tlio  plate. 
Tlw  ptMtua  must  also  be  well  lubricated  with  oiL 

SniOK  V^niuVEBSED  BT  Pls-roN. — Another  reason  of  imperfect 
Qstion  is  that,  after  all  possible  precautions,  a  space  is  still  left 

iWeen  the  bottom  of  the  pump-barrel  and  Uiu  lower  surface  of  tlic 
when  the  latter  is  al  tlie  end  of  its  downward  stroke.  It  U 
ovidant  that  at  this  moment  the  air  contained  in  this  untraveraed 
gpaot  i»  of  the  same  tension  as  the  atmosphere.  On  raising  the 
fhtoD.  this  air  is  indeed  nunuficdi  but  it  still  preserves  a  certain 
tenaioo.  and  it  is  evident  that  whun  the  air  in  tlio  reoeiver  has  been 
bmaght  to  thia  stage  of  nmfoctioQ,  tlie  machine  will  ccaso  to  pro- 
dooe  any  effect 

If  t)  18  the  volume  of  this  space,  and  V  the  volume  of  the  pomp- 
Wrel,  the  air,  which  at  volume  v  has  a  pressure  H  equal  to  that  ol 

the  atmoBphere.  will  have,  at  %'olume  V,  a  pressure  U  ^    This  gives 

Oto  limit  to  the  action  of  the  machine  as  deduced  from  the  consider- 
■Uon  of  the  ontntvemed  space. 

AtB  GIVEN  OCT  BT  Oil.— finally,  i>i'rhaps  tlio  most  importanl 
dUM,  and  the  must  difficult  to  remedy,  is  the  abeoq}Uou  of  air  by 
iha  oil  vaed  Cor  lubricating  the  pistons.    This  oil  is  poured  on  the 
i<^  ef  the  piston,  but  the  pressure  of  the  external  air  forces  it  be- 
[wc«ti  the  pifiton  and  tbo  barrel,  whence  it  fulls  in  gri-nter  or  less 
luaotity  to  the  bottom  of  the  barrel,  whvre  it  aUiorbe  air,  and  par- 
■■lAjly  j-ields  it  up  at  the  moment  when  the  piston  begins  to  rise, 
^uaevideatly  tending  to  derange  the  working  of  the  machine.    It 
h«aa  been  attempted  to  get  rid  of  untravurevil  space  by  cuiploying  a 
^^-Uad  of  piston  of  mercury.     This  has  also  the  advantage  of  lilting 
(^«  barrel  more  aecurntoly,  and  thus  preventing  the  entrance  of  air. 
Ttke  use  of  oil  is  at  the  same  time  avoided,  and  we  tlius  escape  the 
mjarioui  effects  mentioned  above.    We  proceed  to  describe  two 
Aaehiaea  founded  upon  this  principle. 
1  S38.  Krarosl's  Aii-pump. — This  contains  a  hollow  glass  cylinder 

J^      AB  (Fig.  141)  tapering  at  the  upper  end,  and  surmounted  by  a  kind 
^b    <f  (inmeL    The  piston  is  of  the  same  shape  as  the  ^linder,  and  ia 
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uKJvered  with  s  Inyer  i>f  mcrctiry,  whose  depth  over  the  point  of  lb 
piatoni^nlmutVathnCaninch  whi>ntbe  piston  ts  at  the  Vrnttom  of  t| 
stroke,  but  k  nearly  an  inch  when  the  piston  rise*  anJ 


fuancl-shaped   ca^^tJ  in   which   the   pump-barrel 
lunall  interval,  tilled  by  the  liquid,  is  left  between  the  bomlJ 
pbtoD;  but  at  the  bottom  of  the  haml  the  piston  piwimf 
K  lefttlier  box  carefully  in«de,  m  u  to  be  perfectly  air-t 
Tbo  air  from  the  receiver  enters  through  iJie  Uterol 


tJTSi&I^^^^Bral  la  easily  m3craE^^^He~i8~^ 


upace,"  flV^NRnee  of  the  mercury  aBlOTB  aroun<l 
cauaes  a  very  complete  fit,  uid  excludes  the  extemol  air; 
the  madune,  when  well  mado,  is  very  efloctive, 
ica  this  is  the  case,  sod  when  the  mercury  used  in  the  appnxatua 
Vctly  dry.  a  vacuum  of  about  ^rlvth  of  an  inch  can  be  obtained. 
of  tbe  nkorcuty  is  a  very  iinportant  condition,  for  at 
temperatures  the  elastic  force  of  tlie  vapour  of  water  has  a 
Mnaible  value.  If  we  wish  to  employ  the  full  powers  of  tbe 
we  must  have,  between  the  vc«scl  to  be  exhausted  of  air 
pump-baiTel,  a  desiccating  apparatus. 
It  arrangement  of  the  xiilvo  e  is  peculiar.  It  b  of  a  conical 
,aoas,  iu  ita  lowest  position,  to  punnit  tlie  piu«.tageof  air  coming 
tbe  receiver.  Its  ascent  u  produced  by  the  pre.taure  of  the 
tuy,  which  forces  it  against  the  conical  extremity  of  the  passage, 
be  liquid  ia  thus  prevented  from  escaping. 
e  figure  rcprwonts  a  double-barrelled  machine  analogous  to  the 
try  air-pump.  Bcsidtut  iho  pinion  working  with  the  racks  of 
tiicr«  ia  a  aecond  smaller  pinion,  not  sliown  in  tbe  %ure. 
goToriM  tbe  movementa  of  the  valves  e.  All  the  jmrts  of  this 
le.  as  the  stop-cocks,  valves,  pipes,  &«.,  must  bo  of  steel,  to 
the  action  which  tbe  mercury  would  have  upon  any  other 

Oeisaler'a  Uaehiae. — Ocisslor,  of  Bonn,  invented  a  Dicrcurial 
ip,  in  which  tlie  vacuum  U  produced  by  communication 
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covered  witli  a  Uyor  uf  mercury,  whose  depth  over  the  point  of  (> 
piston  is  About  j>]th  of  on  ioclm-hc-n  the  piston  is  at  the  bottom  oCi 
stroke.  1>ut  n  nearly  an  inch  when  tho  piHtoo  rises  and  fills  |] 


funnel-shaped  cavity  in  which   the  pump-barrel 
Hmall  totiirval,  lilk-<)  by  th«  liqtud,  is  left  betwoen  the  barrel  anfl 
piston;  but  at  the  bottom  of  tJio  barrel  the  piston  passes 
a  leather  box  «r«fuUj  made,  so  as  to  be  perfectly  air-taght 
Tb«  air  from  the  receiver  enterv  through  the  lateral  opci 
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[of  a»  n  drivaa  before  th«  mercuiy  into  tbe  funnel  abnve.     With  tlio  i 

B  «2  »  ptwaes  s  certain  quftnlity  of  mercury,  which  i«  dt^tainetl  by  a  nt 

Bb  fc  \  vidvK  e  at  thv  narrowest  port  of  the  fuiin«l.     This  valve  rises  auto- 

^^  tnatieallj  wben  thu  Kiirfacc  n{  the  iiicrcurjr  b  at  a  distonco  of  about 

^^^^  balf  an  ioeh  trota  the  funnel,  and  falls  back  into  its  former  position 

^^^■1  vheo  the  pkton  is  at  the  end  of  ita  upward  stroke.     In  the  down< 

^^^^n  ward  stroke,  when  the  mercuiy  is  a^ain  half  an  inch  from  tlie  funnel. 

^^^H I  the  valve  c^os  again  and  allows  a  portion  of  the  mercury  to  pass. 

^^^1 1  The  cffvct  of  this  arrangcinoni  i^  cattily  understood;  there  Is  oo 

^^^H  I  ~  untnvcrMd  qtaoc,"  tJie  prvaence  of  the  mereary  above  and  around 

^^^B  '  ihe  pbtoD  eaoMa  a  very  complete  St,  and  excludes  the  external  air! 

r             I  ud  bence  the  machine,  when  well  made,  is  very  eifective. 

I               ■  When  tkie  is  the  case,  and  when  the  mercury  used  in  the  apparatus 

b              I  ■  p«ffect]y  dry,  a  vncuiun  of  about  rHtl'  o^  ^°  ii>ch  can  be  obtained. 

Sk         I  Tlw  djytMW  of  the  mercury  is  a  very  important  condition,  for  at 

§          f  vHsMTj  tempctaturcs  the  elastic  foroo  of  the  vapour  of  water  has  a 

^L  "ley  Msuibla  value.    If  we  wish  to  employ  the  full  powers  of  the 

^B  Bichioe,  we  must  have,  between  the  vessel  to  be  exhausted  of  air 

I           ^^m  tod  the  pomp-barrel,  a  desiccating  apparatus. 

^_^  ^^v  The  arrangemont  c^  the  valve  e  is  peculiar.    It  is  of  a  conical 

^H  ^m  form,  w  as,  in  its  lowest  position,  to  permit  the  passage  of  air  coming 

^H^H  fr<om  tha  receiver.    Its  ascent  is  prodnced  by  the  prceiture  of  tlie 

H^^^B  ■nercoiy,  which  forces  it  against  the  conical  extremity  of  the  passage, 

I^^H  uad  the  UquTd  is  thus  prevented  from  escaping. 

I  t^^B  *I1w  figure  represents  a  double-barrelled  machine  analogous  to  the 

f  ^^H  <*s>diiMuy  air-pump.    Besides  the  pinion  working  with  the  racks  of 

n^^H  ^^«  piatooa,  there  is  a  second  smaller  pinion,  not  shown  in  the  figure, 

E^^H  ^txich  governs  the  movements  of  the  valves  a,    All  the  parts  of  this 

m^^^  ***f  hliwt  as  the  stop-cocks,  valves,  pipes,  be,  must  be  of  steel,  to 

P^^B  *^'«id  the  action  which  the  mercur)*  would  have  upon  any  other 

S89.  OtUsIet't  Htdii&s. — Geisslcr,  of  Bonn,  invented  a  mercurial 

*A«"-Iiijiiip,  in  which   tJie  vacuum  is  produced  by  comuiunicaUoo 

^'    the  receiver  with  a  Torricellian  vacuum.     Fig.  142  represents 

tikis  inachioe  as  constructed  by  Alvergniat     It  consists  of  a  vertical 

^^fa*,senrilig  as  a  barometric  tube,  and  communicating  at  tlio  bottom, 

^9  Mans  of  a  caoutchouc  tube,  with  a  globe  which  serves  as  thf 

B  At  the  top  of  the  tube  is  a  three-way  stop-cock,  by  which  com- 

V        *nttnicatioa  can  be  established  eitlier  with  the  receiver  to  the  left,  oi 


witli  s  funnol  U>  tlm  right,  wbidi  latter  tuu  an  ordintrjr  irtoj>-oock 
at  the  botbuin.  By  uif^u  of  another  stop-cock  od  the  Mb,  com- 
muiiicutiou  with  tlio  rvceiver  can  be  opened  or  doted.    Thene  Ktup- 

cocks  are  made  entirely 
of  glaiut.  llie  machine 
works  ill  the  foUowin)^ 
raaiinor;  ooninmnicatitm 
being  etitablixhvd  with 
the  funnel,  the  globo 
which  serves  a-i  cistern 
is  raised,  and  placed,  aa 
ishowo  in  tho  figure,  at 
a  higher  level  than  tbe 
Htop-cock  of  the  fuunel 
By  the  law  of  oquiti- 
brium  in  communicat- 
ing vesselH,  Uiv  uiercorj 
fills  the  barometric  tube, 
the  neck  of  the  foniMl, 
and  part  of  the  funoal 
itsplf.  If  the  communi- 
catioii  tietweon  the  fun- 
nel and  tube  be  now 
stopped,  and  the  glob« 
lowL-rcd,  a  Torrici-Uian 
vncuutu  i»  prtxluced  in 
Uie  upper  put  of  Um 
vertical  tube. 

Couununicationisnow  ^ 
opened    with    tb« 
oeiver;    th«  air 
into  the  vacoun.and 
column  of  inercttf^ 
a  little.  Comn' 
is  now  stopped 

the  tube  and  receiver,  and  opened  betwc«n  the  tube  and  the  (anoalf 
the  simple  ntop-cock  of  the  fmuiel  being,  bow«ver,  left  shut.     If 
this  moment  the  globe  is  replaced  in  the  position  shown  in  thm-^ 
&gan,  tiie  air  tonds  to  Mcape  by  the  funnel,  and  it  is  easy  to  allo' 
it  to  do  sa    Thtiit,  a  \Mn  of  the  air  of  the  receiver  has  been  temi 


re-  — 


nt.  lu  -Oiiiiiirt  MMkiaK 


OElfiSLEKS  AK1>  iJl'KK.VUKL ». 


in 


mtA  ib*  •ppontua  in  iu  Uic  aiaac  {lonitiou  an  Kt  th«  boginning.  Tb« 
l^ntko  dcMfibed  is  equivaleul  to  a  stroku  of  the  ptstou  in  the 
prdin&rj'  luachine,  and  this  proc(;tB  muat  be  rep«*t«d  till  the  rvcuiver 
fa  oxhausted. 

f   Afl  the  only  uechauical  parts  of  this  luachtoo  are  glass  alop-codts, 
which  are  now  execut«(t  with  great  perfection,  it  is  capable  of  giving 
very  (px*d  rusults.     With  dry  nwrcury  a  vacuuin  o£  rJutl'  <'f  *••  hich 
may  vuiy  easily  bo  ublaintHl.     Thv  working;  of  tha  macliinv,  how- 
■r,  !■  inouavtmiont.  and  bucoincd  cxecudingly  hiburioiu  when  tliu 
ver  U  lorga     It  i»  tliereforo  employed  directly  o&ly  for  pro- 
ng A  vacuum  in  very  niiiall  ves!>eb;  when  the  spaces  to  be 
cahausted  of  air  are  at  all  large,  the  operation  ia  begun  with  the 
vcdinary  machine,  and  the  mercurial  air-pump  is  only  employed  to 
rtadar  tbf  vacuum  thus  obtainijd  more  pcil'tict. 

240.  Bpr«ag«l"»  Air-pump. — This  instrument,  which  ui«y  bo  re* 
pnled  aa  an  impruvt-iufnt  upou  Goiiwlur's,  is  repreiM^itt-d  in  its 
■mptnt  forui  in  Fig.  143.  ix^  is  a  glow  tube  louger  than  a  baro- 
tutcr  tube,  down  which  mercury  in  allowed  to  fall  from  the  funnel 
i.  Its  lower  end  dips  into  the  gla.t.')  veesel  B,  into  which  it  ia  fixed 
■  hy  BUaas  of  a  oork.  lliis  vesacl  lias  a  spout  at  its  side,  a  few  milli- 
^■Btetns  blgher  than  the  lower  end  of  the  tube.  The  first  portions 
^Btf  nureury  which  run  down  will  consctjui'iitl}'  cloec  the  lulw.  and 
^■TtwrBitt  thv  poseibility  of  air  entering  it  from  bvluw.  Thv  upper 
P^rt  ol  cd  bnuchoa  olT  nt  x  into  a  Uit^snU  tube  communicating  with 
•**•  nceiver  B,  which  it  ia  ri^juired  to  exhaust.  A  convenient 
**i^t  for  thfl  whole  instrument  is  G  feet^  The  funnel  A  u 
Pportcd  by  a  ring  as  shown  in  the  figure,  or  by  a  board  with  & 
cut  iu  it.  The  tube  cd  conaiBte  of  two  part«,  oonnoctcd  by  a 
of  india-rubber  tubing,  wtuch  can  be  comprcssod  by  a  clamp 
*^  ••  to  koap  th«  tube  dosod  when  deaiml.  Aa  soon  as  the  mercury 
^  Allowed  to  run  down,  the  exJiauntiou  begins,  and  tlie  whole  length 
"*  the  tube,  from  xtod/m  aecn  to  l»o  filled  with  cylinders  of  mercury 
*^>af>ied  hy  cylinders  of  air,  all  moving  downwards.  Air  and 
"••lUipjr  OMi^ie  through  the  spout  of  the  bulb  B,  which  is  above  thv 
"•■ta  U,  when  tlie  mercury  is  collected.  This  has  to  be  poured 
^»t3L  from  time  to  time  into  tho  funnel  A,  to  luuut  through  tlie  tubo 
H^  and  a^^n  until  the  exhaustion  is  completoiL 
As  the  exhaustion  is  progreHsing,  it  will  be  uotioud  that  tiie  incloM-d 

t*^  brtween  the  mercury  cyiindera  become*  less  and  iixa,  until  the 
"tr  part  of  cd  preevnts  the  aspect  of  a  continuous  column  of  uier- 
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vaspj  about  30  inches  high.  Towards  ihia  stage  of  the  operation  a 
conuderable  noise  begins  to  be  heard,  Himllor  to  tltat  of  a  sbak«n 
water-hammer,  and  common  to  all  liquids  shaken  in  a  vncuum.  The 
operation  may  be  oonsiilcrcd  complotod  when  the  column  of  meicory 
does  not  inclose  anj-  air,  and  when  a  drop  of  mercury  falb  upon  tlie 
top  of  this  oolumn  without  inclosing  the  alightCHt  air-bubble.  The 
*  height  of    thia   column   now 

^EP^  corresponds  exactly  with  the 

^Hr^^^  height  of  the  column  of  raer- 

^V^  cury  in  a  barometer;  or,  what 

H  ia  the  itamc,  it   n^prciwntii  a 

T  a,^         barometer   whoso   vacuum    la 

the  receiver  R  and  ooDDeeting 
tuba 

Dr.  Sprenge)  reoommenda  the 
employment   of    an    auxiliaty 
nir-pump  of  the  ordinary  kind, 
to  commence  the  cxhatutioD, 
when  tame  ia  an  object,  as  with- 
out thia  from  20  to  30  mioutoi 
ore    required    to    exhaant   a 
receiver  of  the  capacity  of  half 
a  litre.     As,  however,  the  em- 
ployment of  the  auxiliary  pnnp 
iavol\'es  additional  connection* 
and  increased  li-ukagc.  it  shooU 
be  avoided  when  the  bout  poa- 
aiblo  exhaustion  Li  desired.  TIw 
foil  tube  must  not  exc«e<l  about 
a  tenth  of  an  inch  in  diamHcr, 
and  special    precautions  moKt 
be  employed  to  make  the  india- 
rubber  connections  air-tight    (See  Chemical  Journal  fur  1  H<tS,  p.  9.) 
By  this  instrument  atr  has  been  reduced  to  Tw^vrvth  of  atiBO> 
pheric  density,  and  the  average  exhaustion  attainable  by  ita  use  ia 
on<s millionth,  which  is  equivalent  to  00003  of  on  inch  <rf 
mercury. 

S41.  Double  Exhatutfoi. — In  the  mercurial  mochinea  Just  deerrit 
t))cn>  tit  no  "  iititnivened  space,"  as  th«  liqald  completely  expels  all 
the  air  fnmi  the  pump-barrel.     These  marhinrs  are  of  very  rvenl 
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lOtL     BalnDct  long  before  introduced  an  nrrun^'cineiit  for  the 
purpose,  not  of  gottuig  rid  of  this  space,  bat  of  exhaiiMting  it  of  air. 
For  tbi«  parpoHu,  whvn  tho  machine  ceases  to  work  with  Uie  ordi- 
amtlg«ci«nt,  th«  cotumunJcntion  of  the  receiver  with  one  of 
purop-harroU  i»  shut  otil  tuid  this  barrel  is  employed  to  exhniixt 
tlw  air  fmin  U)«  other.    This  chug*  is  eflbctcd  hy  im-ans  of  a  stop- 
cock at  thfi  point  of  Junction  of  the  pnsaogos  leodiug  from  the  two 
l*rTeb  (Fig.  144).    The  stop-cock  has  a  T-shaped  ap<uiurt-,  the  point 
of  intersection  of  the  two  brandies  being  in  constant  communicatioo 
the  receiver.     In  a  dif- 
nt  plane  from  that  of  the        il  "      I  l|i  []"'"'  1 

T-flfaaped  aperture  is  another 
aparture  mn,  which,  bj  nivAus 
of  the  tube  t,  eotablishiM 
^eoBUDonJcatioa  between  tlio 
^bttmp-baiTel  B  and  the  oom- 
^^umnicating  pa8.<iace  of  the 
^pomp-barrel  A.  From  tliia 
^bxpUnatioD  it  will  bo  seen  that 
^H[  the  stop-cock  bo  turned  as 
^RAiowd  in  tlio  tintt  figiiru,  Uio 
two  pump-botrels  both  eom- 
—mJTttn  with  the  receiver, 
•ad  ths  operation  proceeds  in 
i1»  ordinary  manner.  But  if 
<twt(op-<ock  be  tunii-'l  Uirough 

tifnarter  of  a  nvoUition,  as  shown  in  tho  secood  figure,  tJie  pump- 
*aml  B  alonn  oommunicaieA  with  the  receiver,  wbile  it  ia  itself 
okaiMtMl  of  air  by  the  barrel  A. 

It  is  eaH}-  to  vxpresB  by  a  formula  the  etTect  of  this  double  exhaus- 
^"n.  Suppoae  the  pamp  to  have  ceased,  under  the  ordinary  meiltod 
^  vorlcin^  to  produce  any  farther  exhaustion,  Uic  air  in  the  receiver 

W  ibereforo  reached  a  tension  nearly  equal  to  H^  (§  237).     At  thi» 

Mimul  ibe  stop-cock  ia  turned  into  ita  second  position.  When  the 
jMn  B  dMoemda,  the  plitnn  A  ri^s.  and  the  air  of  the  "untraveniCKi 
^Mt"  bi  B  ia  draws  into  A  and  rarvtied.  During  tJic  invome 
Bpntioo,  the  ur  in  A  is  prsventud  from  rt-titming  to  H,  and  thus 
tl^arsAod  air  from  B,  beootoing  still  further  rarefled,  will  draw  a 
AcrIi  i^tiaatity  of  air  from  Uie  receixier.     This  air  will  then  be  driven 
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into  A.  wlicix!  it  M-ill  be  couprassod  t^  the  ikeemdiDg  movement 
Uie  piston,  anil  will  find  its  way  into  the  ur  oatside.' 

This  double  exhaustion  will  it«elf  cease  to  work  when  air  ceaMiB  to 
pass  from  the  jmnip-lxuTel  B  into  the  pump-banv)  A.  Now  when 
tiie  pistou  in  this  latter  is  mucd,  the  elaotie  force  of  tlie  air  whieb 

was  contained  in  its  "  unti'avoned  npaoe  "  is  equal  to  H  ^  for,  on  the 

last  oi)cning  of  tins  valve,  the  air  in  this  space  escaped  into  the  atmo- 
sphere. On  thu  otiicr  hand,  whim  the  piston  in  B  itt  at  tho  end  of 
its  upward  ittroko,  the  tension  of  the  air  i»  the  isaine  as  in  tlie  rocctver. 
Let  this  be  denoted  by  a.  When  the  piston  in  B  desoeods,  the  air  at 
eompresscd  into  the  "  untxaveraed  space  "  and  the  [MAsage  leading  to 
A.     Let  tho  volume  of  this  passage  be  L     Then  the  tensioii  will 


increnso,  and  become  x 


When  the  machine  ccatH»  to  ptodoce 


any  farther  etTect,  this  tension  cannot  be  greater  than  that  jn  thr 
pump-barrel  A,  whidi  is  Hyi  wo  have  tlius,  to  detvnuini;  the  limit 
to  the  action  of  the  pump,  tJie  equation 


(B^^'sHy,  whence 
-  _  ••  '  •  + ' 
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242.  Air-pump  with  Free  PistoD. — We  shall  describe  one  motv 
air-pump  (Fig.  145),  constructed  by  Deteuil,  and  founded  upon  an 
interesting  principle.  We  know  that  gases  possess  a  reuarkaUe  J 
power  of  adliesion  for  solidj),  so  that  a  body  placed  in  the  atmo- 
sphere  may  be  considered  as  covered  with  a  very  thin  coat  of  air. 
ff»ming,  «o  to  epeak,  a  permanent  envelope.  On  account  of  this  dr- 
cumstance,  gas«w  find  very  ^roat  dilliculty  in  moving  in  very  nanuw 
spaices.     This  is  the  principle  of  tlie  "air-pump  with  free  piston.' 

The  piston  P  (Fig.  14C),  which  is  composed  entirely  of  metal,  la  dl 
Ooosiderable  length;  and  oa  its  outer  surface  b  a  series  of  parallel 
earcolar  grooves  ver^-  close  to};i>tlier.     It  does  not  touch  the  putap- 
barrel  at  any  point;  but  the  distance  between  the  two  is  very  fuaA. 
about  '001  of  an  inch.     This  free  ptston  is  surrounded  by 
of  air,  which  foi-nw  its  only  stuffing,  and  is  sufficient  to  enable 
iiiaohine  to  work  in  tlie  ordinaiy  mamier,  uotwitliHtanding  the 

■  It  ■HI  ba  otiMrvcd  tlut  daring  tba  pronw  of  doabl*  «k1uhiIIwi  Ik  pblun  4  It 
hft««i  lik*  •  loUd  |9l>tali ;  tU  v>lva  Mvtr  ojmoi,  bttamm  th*  |t— in  baltrtr  It  b 
1^  tlu>  MmaiAcrie. 
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tn&Qcat  COI1II1U1II1UJI.UU11  butwecn  tliL-  u])|)er&iwl  lower  surfacus  of  thti 
piBtoiL  This  uiacliine  gives  a  vacuum  about  as  good  as  is  obtainabla 
by  ordinary  pumps,  and  it  luu  the  important  advantages  of  tM 

ro<]uinQg  oil,  and  of  having   Imh 
friction.      It   conMqoeotly    waan 
lietter,   and    Li  less    liable   to   the 
development   of  beat,  which   is  * 
fruquont  source  lA  aonoyaaee  ia 
air-pumps.      It   is  singlL'-bam-lled 
with  double  action,  Uko  Bumchi'i. 
Th«   two  openings  S   and   S*  an 
to   admit   air   from    the   reoeivcrt 
they  are  closed  and  opened  alter- 
nately by  conical  (stoppers  at  the 
end  of  the  rod  T,  which  paSMs 
through  the  piston,  and  is  carried 
with  it  by  friction   in   itti   move- 
ment.     I'hey    communicate    with 
tubes  which  iuiit«,  at   R',  with  a 
tube    leading    &x>m    the    receiver. 
A  and  A'  are  valves  for  the  expul- 
sion of  the  air,  which  wcapee  by 
tuliCM  unitin<;  at  R.    The  altenuto 
m4)veinent  of  the  piftton  bt  produced 
by  what  is  called  ]>elahir«'«  gi-nnni;- 
ThiH  depends  on  the  principle,  tli 
vlien  a  etrde  rolls  without  WiWinfM 
in  the.  iiilerior  of  anvtiurr  eirrle  o^ 
dinibU  Oio  diameter,  any  poini 
the  dreum/ertnee  of  tht 
irircfo  deacrilm  a  diam^ar  of  the  Jutd  circU.    In  order  to  u 
this  proper^,  th«  end  of  the  pistun-rod  is  jointed  to  the  ex 
of  a  piece  of  metal  which  In  rigidly  attached  to  the  pinion  P. 
toint  being  exactly  opi>unite  thi!  cii-<-umf<-n-nc«  of  the  ptnion. 
latter  Js  driven  by  a  lly-wheel  wtth  suilnble  gaaring.  and  woric* 
with  tlie  llxed  whrvel  E,  which  is  toothed  on  the  insida.    Tbos  tbs 
piiiton  will  freely,  and  without  any  lateral  effort,  dcAcribe  a  vertical 
iioe,  the  length  of  the  stroke  being  equal  to  tJie  diameter  of  the  fixed 
wheel 

243.  ComprMsiiiff  Pnmp. — It  can  easily  be  seen  from  the  dmerip- 
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it  tbo  Air-pump,  cluit  if  the  enpuUioii-^-KlTM  were  connected 
k  tob«  ooutuiuuiGatiiig  witli  a  rcservuir,  tiit;  air  removed  by  ih* 
I  woiiJd  b«  fonwti 
LliE«  ruMnrotr.  'VhU 
nuikatjoa  U  esUli- 
I  io  tbfl  instninitint 
Imcribed.  If,  ilictv- 
R'  bti  nuido  to  coal- 
ite with  the  uxtvr- 
Ir,  Um  air  will  be 
luall^  drawn  in  at 
[wtnt  and  foroi-d  out 

tbo    njfcorvwr    oon- 
I  with  R,  w  Lliat  tlia 
Hpt  will  act  as  a  oompro(i»- 
V^    Ttie  coinproMting-pump 
B  iieeu  to  be  th«  fiaue  instni- 

as  the  air-pump,  the  only 
moe  beit^t  thai  the  rect>iver 
|nect«d  with  the  sxpuhiuii  valves,  instead  of 
Uw  exliaustion-viilvM;  it  is  Uiiut,  so  U>  spfsk, 
Ir-pump  revcmed.  This  fact  can  be  vcrj-  woll 
In  tlia  structure  of  a  Niuall  pimip  fruiiuciitly 
^od  in  the  htboratory,  an<l  repreAent«d  in 
147. 

Uic  boUom  of  the  pump-barrel  are  two  valvee. 
lUnicating  with  two  fiep&rat«  roser\-oire,  Ibat 
•  loft  boiag  an  adnuwiou-valvo,  and  tliat  on 
Igfat  an  oxpolsion- valve 

|en  the  pi£t<m  l9  raised,  rarefaction  is  produced  in  the  reaervoir 
B  left;  and  when  it  is  pushed  down,  the  ur  in  the  reservoir 
b  l^t  ia  coniprviUMHl. 
.fig.  148  la  rupriiM^iliMl  a  oompruMing-punip  oft«n  amployod. 

Bitttitn  of  tliG  pump-liam^l  U  a  valve  b  opening  dowowwrd; 
iral  tuba  in  an  adiiii:s»ioii- valve  a  opening  inward.  Tlte 
of  these  valves  is  sliowo  Jn  the  figure.  They  are  conical 
I  Rtoppere,  fitted  with  a  rod  pacing  through  a  hole  in  a  small 
I  boltind,  an  arrangement  which  prewnto  th«  valve  from  over- 
■(p  The  rod  i»  Hurruundvd  by  a  HRiall  spiral  opring,  which  kccpe 
ralve  prmwd  oj^niit  the  opening.    It  the  lower  part  of  the 
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pump-baiT«l  be  Mrcwed  npon  a  reservoir,  at  foch  tipwanl  ntrokv  at 
the  pUton  the  bnrrol  will  he  filled  with  air  throagh  the  valre  a, 
and  at  every  don-nward  atroke  this  ait  will  be  f<H«ed  into  tbe 
reservoir. 

If  the  lateral  tube  be  made  to  o(>mmuDicat«  with  a  bladder  or 
gas-holdor  filled  with  any  gas,  this  gon  will  be  forced  into  the 
nsvTVfi'tt.  and  coiiipi*s»cd. 

244.  Calculation  of  the  Effect  of  the  Instniioent^— The  df'nsity  of 
the  conpreeBed  air  after  a  given  noinber  of  iitrokes  of  the  piston 
may  easily  be  calculated.  If  t»  be  the  volume  of  the  pump-barrel, 
and  V  tJiat  of  the  resorvoir;  at  each  stroke  of  the  pi'iton  there  is 
forced  into  the  reservoir  a  volume  of  air  equal  to  that  of  the  pump- 
barrel;  whtolt  give*  a  volume  nv  at  the  end  of  n  strokes,  llic  air 
in  the  rwervoir,  acconlingly,  wliioh  when  at  atmoapheric  pnswun 
had  density  D, and  occupied  a  volume  V  -|-nr,  will,  when  the  voltune 

is  reduced  to  V,  have  th*  density  D  — ^— >  and  the  prcxsurv  n-ill,  by 

Boyle's  law,  bo    -y"  atmospheres. 

If  this  formula  were  rigorously  applicable  in  alt  cases,  there 
would  be  DO  limite  to  the  prffBUre  attainable,  exovpt  tboee  depend- 
ing on  the  strength  of  the  reservoir  and  the  motive  power  availaUa. 

But,  in  fact,  the  ontraversed  space  left  below  Uie  pi«tou.  wbdO . 
at  the  end  of  its  downward  stroke,  sets  a  limit  to  the  action  of 
instrument,  just  OS  in  Uic  common  air-pum[K     For  when  the  air 
tlie  barrel  is  roduovd  from  the  volume  of  the  b&rrel  v  to  that  of 

untraversed  space  v',  its  tension  becomes  H^  and  tbia  air  cuumi 

pn«s  into  the  reaervoir  unless  the  tension  of  the  air  in  the 

is  leas  tlian  this  quantity.     This  is  accordingly  the  utmost  limit 

eompreesion  that  can  be  attained. 

We  must,  however,  carefully  distinguiMli  between  the  eOboti 
untraversed  space  in  the  air-pump  and  in  the  eompreadoD-; 
In  the  finit  of  theoe  io.strunientA  the  object  aimed  at  is  to  twf^'f! 
the  air  to  as  greet  a  degree  as  possible,  and  untnveraed  spoc^a 
must  conMqueDtly  be  regarded  as  a  defect  of  the  most  seriui 
importanea. 

The  object  of  the  condensing-pomp,  on  the  contrary,  is  to 
ptreaa  the  air,  not  indefinitely,  but  up  to  a  certain  poinL     Thus,  far 
instance,  one  pump  is  intended  to  give  a  ointprvsMon  of  five  bubo 
spheres,  another  of  ton,  &&     la  each  of   the«e   eases   the   mak* 


RATE  OF  COHFRBSSIUN. 


SOI 


Mm   Ihat   this   limit   shalJ    be   renchwl.  and   the   Hntraverswi 
•   bu   no   injurious  etTcct   beyonti   incri.'iusiiig  the   number  of 
k«  required  to  produce  the  desired  amount  of  condensation. 
tft.  Tuleu  Contrivuic*!  for  producing  Compression.— In  order  to 
jdit^ha  proccM  of  oompreMtion,  several  pumjx^  .such  as  we  have 


rV  l<>.— OnuMtMi  Pumtfi 


tibed  am  combined,  wbidi  may  be  don«  in  various  way».  Fig. 
InprcBeolfl  the  inrBtem  eniploynd  by  KofnmuH  in  Iiih  invcstiga- 
leomtected  with  Boyle'a  law  and  the  eUhtic  force  of  va]>our.  It 
iits  of  three  pumpe,  the  piston-rods  of  which  are  Joint«d  to  tiirce 
^on  a  horizontal  axle,  ly  means  of  three  connecting-rods.  This 
,  which  ouries  a  fly-wheel,  is  turned  by  means  of  one  or  two 
The  different  admission-^'olves  are  in  communication  with 
I  roMttoir  in  connection  with  the  external  ur,  and  the  com- 
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prcKHed  guA  is  forced  into  Miutbur  nwervoir  which  is  ia  oottununicatiim 
vitli  the  experimental  appfunttus. 

A  serious  ob-sUcle  to  the  working  of  then6  imtmiuent^  it  tlto  bcftt 
geuerated  by  the  compressi<m  of  the  air,  which  expands  the  (Utler«Dt 
paHa  of  the  instrumonl  unequaily,  and  often  readers  the  ptRtou  bo 
tiglit  tluit  it  can  Nc&rculy  bo  driven.  In  sumo  of  theso  instnuaento 
whidi  ore  employed  in  tlie  nrtit,  this  inoonvcitienco  is  lewKiDed  by 
keeping  the  lower  vslvefi  covered  with  water,  wliici)  lia.i  tlie  adiii- 
tionial  advantage  of  getting  rid  of  "  untraveraed  epaoe."  In  lim 
way  8  pressure  of  foi-ty  atmospheres  may  eaaily  be  obtained  with 
air.  Air  mii.y  also  Ui  comprwited  diivctly,  without  tho  interveotioD 
of  pump«,  wh«D  a  stUliciunl  huight  of  water  can  be  obtained.  It  in 
only  neoesnary  to  lead  the  liquid  in  a  tube  to  tlie  Iwttom  of  a 
reoervoir  oont^ning  air.  This  air  will  be  ooiiii>reBA(!d  until  ita 
preflsure  exceeds  that  of  tlie  atmosphere  l^*  the  amount  due  to  the 
height  of  the  eummit  of  tlic  tube.  It  is  by  a  contrivance  of  tJu> 
kind  that  compru(s«d  air  lias  bvi-n  obtained  for  driving  tlio  boring- 
machines  employed  io  the  great  Alpine  tunnels. 

S46.  Practical  Applications  of  the  Air-pump  and  of  CompnHed  Air. 
— Ik-sidi-.t  the  ase  made  of  the  air-ptimp  and  the  c<»iiipri»sioii-pui»p 
in  the  laboratory,  these  tnstmmenta  are  variouiUy  employed  iu  ihe 
arta. 

Tlie  air-pump  is  employed  hy  sngar-rcfiners  to  lower  the  boiling 
point  of  the  i^nip.     Coniprcsnon-pumpa  are  used  by  soda-water 
maiiufiK-turcrs  to  force  tlio  oorboiuc  acid  into  the  rcMrvoin  contain- 
ing tlie  waUT  which  is  to  bo  aerated.    The  Hninll  appaimtus  dewribed  . 
above  (Fig.  148)  ia  sufficient  for  this  purposei  it  is  only  neceoaary 
to  fill  the  aide-vessel  with  carlxmic  acid,  and  to  pour  a  oertab 
quantity  of  water  into  the  reservuir  below.     ComprcsHod  air  has  fora 
Hovvral  yran  been  employed  to  assist  in  laying  tlio  foundations  olH 
bridge*  in  rivon  where  tlw  ctandy  nature  of  the  aoit  require*  inj^ 
deop  excavations.    Large  tubes  called  caifsont,  in  coimeetioo  wUIk 
a  oondetising  pump,  are  gradually  let  down  into  the  river;  thfl  air  bj^ 
ita  pressure  keeps  out  the  water,  and  the  workmen,  who  art*  adtoittet 
into  tliB  apparatus  by  a  sort  of  lock,  are  thus  euablwl  to  waik  im 
dry  ground. 

In  pneumatic  despatch  tul)«s.  wliiclt  have  recently  bMB 
in  many  plaom,  a  kind  of  train  is  employed,  couniatiag  of 
preceded  by  boxes  containing  the  despatches.    By  exiwusting 
air  at  tlio  fonvard  end  of  the  tube,  or  forcing  in  oompraned  air 
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s  eod,  the  train  is  blown  through  the  tube  with   great 

bmospheiic  railway,  which  was  for  a  few  years  in  existence, 
ked  upon  the  same  principle:  an  air-tight  piston  travelled 
a  fixed  tnbe,  and  was  connected  by  an  ingenious  arraoge-' 
&  a  train  above. 

Bting  machines  driven  by  compressed  air  are  coming  into 
e  ose  in  mining  operations.  They  have  the  advantage  of 
■  ventilation,  inasmuch  as  the  compressed  air,  which  at  each 
t  the  machine  escapes  into  the  air  of  the  mine,  cools  aa  it 

.  air-gim,  the  bullet  is  projected  by  a  portion  of  compressed 
•h,  on  pulling  the  trigger,  escapes  into  the  barrel  from  a 
r  in  which  it  has  been  artificially  compressed, 
ay  add  that  the  large  machines  employed  in  iron-works  for 
g  air  to  the  furnaces,  are  really  compression-pumps. 
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847.  The  Baroscope. — The  principle  of  Archimedes,  w 
Chap.  XIII..  applies  to  all  fluids,  whether  U<iaid  or  gaaeo 
the  resultant  of  the  whole  pressure  of  Ute  attnoephere  oo 
oC  a  body  is  equal  to  the  weight  of  the  air  diitplaeed. 
nquired  to  support  a  body  in  air,  m  lew  than  the  foros  i 
tnip|tort  it  in  vacuo,  by  this  ainoant.  ThU  principle  b 
tiy  tlie  barOACope  (Fig.  ISO). 

This  is  a  kind  of  balanci>.  tJie  beam  of  which  supports  I 
very  unequal  sizes,  which  Imlonce  each  other  in  the  air. 

pamtus  i»  placed  under  t 
of  an  ur-pomp,  aftw  a  t 
v....        — ;ftL      — —^  ►    Qj  j|,g  pjaton  the  beam  i 

jm^^  «^  tu  incline  towards  the 

ia^^^^  {]  . .      and  tlte  inclination  will 

^^^^B  I  the  e\hAiL<tton  proceeds. 

^^^^  jl  is  that  tlie  air,  liefoiTiitii 

out.  produced  an  upwni 
whidi   was  greater  for 

^^  ^^5^^~k      '''*°  '**  '^®  amall  ball. 

M     of  its  {greater  disptaceiuni 

disturbing  force  i»  now 
If  after  exhausting  t 
bonic  aad,  which  is  heavier  than  air,  were  admitted  at  i 
pressure,  the  large  l»ll  would  bo  subjocte^I  to  a  greater 
upward  pr«esnT«  tliaii  tlte  sniall  oiw,  and  tha  b«un  woul 
tb*  rid*  of  the  latter. 

248.  Balloons. — Suppose  a  body  to  be  lighter  tlian  an  ec 
nf  ur,  then  this  body  will  rise  in  the  atmoapherR.     For 


A 


nuMafLK  or  ritz  ualloox. 
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fiU  soiq>-bubbI«s  with  liylrof^n  (Fi^.  151).  and  &bake  them  off 
bora  tht  tod  of  tho  tulw  »t  whicli  ttivy  nru  funiivd.  thoy  n-ill  be  Been. 
^•offidantJy  Uu-ge,  to  ascend  in  the  air.     Thix  curioiu  expuriinont 
I  to  the  philosophei-  Cavallo.  who  annouiiceil  it  in  17SS.' 

Mme  principle  applied   to   balloona,  which  oAs^ntially  con- 
of  an  envelope  inclosing  a  gaa  ligbt«r  Iban  air.     In  conse- 


this  (litTuruucu  uf  di'tiitity,  wu  can  alwa^,  by  taking  a 
ily  Urgq  volume,  niakv  tho  wt^ight  of  the  (^  and  containing 
''ifcfw  law  than  that  of  tb«  air  diniilacod.  In  lbi«  cotw  thu  balloon 
•tOMcmd. 

^(>  invention  of  balloona  ia  due  to  the  brothers  Joseph  and  Ste- 
f"(B  Moutgolticr.  The  balloons  made  by  them  were  globe-ahaped, 
''d  tMHtruclod  of  papiT,  or  of  paper  covered  with  cloth,  the  air  in- 
4di  Uog  mrofiod  by  the  action  of  heat.     It  'm  curiouH  to  remark 

'1W  Inl  liUk  al  k  baUaoa  nioft  b*  attrfliuud  to  Frwwlioo  J*  Jjuit,  wlio,  aboiit 
'^  pvfmui  In  MluaM  tlig  air  id  ^olm  at  a^pvt  of  nffioiant  iu<  uid  tMimcu  to  volj[b 
^  adM  thtt*  '••oilUka*,  tbaa  tha  air  diilplKad.  TIiv  vxpnimtnt  <■»  i.ut  ItivJ,  luul 
*M  MUinlj'  M«  kkTa  oncoMtdcd,  (or  tho  proanin  uf  llie  MiDMph«r*  Wiii>l4  haTU  eaiuad 
■i  |Mm  I«  wi1I«)ih%  IVt  tbcory,  howe*tr,  wm  tliarPUgUjr  undsntowt  by  Iho  author, 
*k*UiU*ani*ct  caleuklion  u(  tho  oBiuuiit  of  fom  tMuling  to  auk*  tho  (luboi  wovnd. 
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that  in  their  flrat  altfimpla  they  employed  hydro^n  gafl.  «nd  riKnnd 
that  balloons  tilled  with  this  gas  could  ascend.  But  as  the  hydrOgOB 
readily  escaped  through  the  paper,  the  flight  of  the  balloonti  wh 
short,  and  thus  tlie  uso  o£  hy(lro;:ron  was  atiandoncd,  and  hot  air  waa 
aloBO  etnpluyeJ. 

The  Dame  mtmtffoyiirc*  is  atitl  often  applied  to  lire-balloons.   Thi; 
generally  comi»t  of  a  paper  envelope  with  a  wide  opening  below, 


F\(  Hi— fJa  l»Un^  uC  £'-1 


in  the  eentre  of  which  ia  a  itponge  hold  Id  a  vrirt*  fnvm».    The  i 
is  dipped  in  npirit  and  ignited,  wlicn  tlie  balloon  in  to  b«  Mtot  np. 

The  first  public  experiment  of  tlie  ascent  of  a  balloon  waa  p 
formed  at  Annonay  on  the  5th  June,  I7t43.     On  October  2lni  of 
aame  year,  Pilatre  de  Rosier  and  the  Marquis  d'Arlandes  achic 
tbo  firat  aerial  vo^'age  in  a  fire-balloon,  repreeentod  in  our  Sgarei 

Charlea  pix^xMed  to  reintroduc*  the  uae  of  hydrogen  by  cmplojiit 
an  onvelopo  leas  permeabla  to  the  gat.  TItis  U  usually  made  of  dtk 
x-amished  on  both  aidea,  or  of  two  abeets  of  silk  with  a  abaet  tt 
india-rubber  between.  IiLttead  of  bydrc^n,  coal-gaa  ia  now  gtam- 
Ally  employed,  on  account  of  its  cheapness  and  of  the  fadli^ 
which  it  can  be  procured. 


^^^^^^^^^^^^^r  BALLOONS.  ^^^^  nyj 

^1   849. — Thv  liftinf;  ]>ovr6r  of  a  balloon  is  the  dilfercacc  betwceo  its 
^pniglit  nnit  Uiul  of  the  ur  displscod.     It  is  eosj  to  comjiaro  thu 
three  modes  of  Inflation  ia  thia  respect. 

I             A  ««hla  inetrt  «f  air  w«lgt»  tboot mI'WO  kilojfikiniu*. 
A  evlit  mMn  «<  kyifavgm 489         „ 
A  ««Ua  ra-tra  nt  oMJi[«   about  ^60  „ 

A  vnUo  iBBira  o(  *ir  hMted  M  SOO*  CddI. .,...  -TSO         „ 
Wn  tbna  9«e  that  the  lifting  power  per  cubic  metre  vttli  hydrogen 
»  I'Sll,  and  with  coal-gas  or  hot  air  about  '500  kilogramme. 
If,  for  instaoce,  th«  tolAl  weight  to  b«  raised  is  estimated  at  1500 
kOognramn,  tbv  volume  of  a  bnlluoii  (iIIimI  with  hydrogen  upablc 

rf  raising  the  weight  w4ll  be  ^^  =  1239  cubic  metres.    If  coal-gas 

wara  employed,  the  required  volume  would  be  !^  =  2727  cubic 

Qtetna. 

The  car  in  which  the  aeronauts  sit  ia  usually  nude  of  wtcker-work 

whalebone.     It  is  iiiutaini>d  It'  cords  attached  to  a  net-work 

rig.  153)  covering  the  entire  upper  hulf  of  the  luUloon,  so  aa  to 

riliQt«  the  weight  aa  evenly  as  jxxniblu.    Tlie  balloon  terminates 

in  a  Icind  of  neck  qtening  freely  into  the  tur.     At  the  top 

O^m  b  another  opening  in  the  inside,  which  is  closed  by  a  valve 

itmU  to  by  a  sjmDg.     Attached  to  th(>  valve  is  a  cord  which  paeees 

Cibjmgh  the  iDt4.-rior  of  the  balloon,  and  hangs  above  the  car  wiUiin 

r^amA  of  the  hand  of  the  aeronaut. 

When  the  aeronaut  withea  to  doscead,  be  opens  the  valve  for  a 
r^-w  moiaenta  and  allows  some  of  tbe  gaa  to  escape.  An  import&nt 
F*^A>rt  of  the  equipment  consista  of  sand-bags  for  balkat,  which  are 
g»"»<hiaUy  emptied  to  check  too  rapid  descent  In  the  figtiro  ia 
'^^VnMinted  a  contrivance  called  a  parachute,  by  means  of  wliich  the 
Dt  is  aometimea  etTcctcid.  Thiit  is  a  kind  of  larj^u  umbrella  with 
Kule  at  the  top,  from  the  circumference  of  whicli  hong  cords  NUf)- 
emaJl  car.  When  the  jtarochute  is  left  to  itsolf,  it  open-H 
,  and  the  resiatanoe  of  the  air.  acting  upon  a  large  surface. 
the  rate  of  descent.  The  hole  at  the  top  is  essential  to 
it}^,  aa  it  atfurda  a  regular  poasoge  fcff  air  which  would  oUierwiM* 
*«]ir  (ram  tinif  to  time  f^xnn  under  the  edge  of  the  parachut«,  tJius 
IMncsag  oacilLatioiH  which  might  prove  fatal  to  the  aeronaut. 

Billoo&s  are  sot  fully  inllntcd  at  the  commencement  of  the 
!  ttnt;  hot  the  incloaed  gas  exjiands  aa  tJie  pressuro  diminishes 
pllUdt.      The   lifting   power  thus  remains  nearly  constant  until 
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the  balloon  hm  riMn  m  liigh  w  to  be  fully  intlated.  Suppose,  for 
iustaiiou,  tliAt  tlic  atiDOApheric  presau-e  b  reduced  hy  une-balf, 
the  volume  of  Uie  IaUood  will  then  be  doubled;  it  will  tbus  di>- 

pliicu  a  voluiii«  of  air  twicv 
U.S  ;;n-at  u  before,  but  ut 
only  half  the  ilenaity,  so  that 
the  buoy&iu^  will  renuiu 
the  same.  This  oodcIosuml 
huwi'ver,  is  not  quite  exact, 
bucAUM  the  solid  parts  of 
tlie  balloon  do  not  expand 
like  the  gas,  and  the  wvij^l 
of  air  displaced  by  them 
lUH.'ur'Uii^ly  diminishes  iw  tba 
balluou  riHcs.  If  the  balloon 
coutinuun  to  ascend  after  it 
Isoompletoly  inilatod,it«  lift' 
ing  power  diminiftlies  n{>idly , 
becoming  xcro  when  a  stra- 
tum of  air  IB  reat:hvd  in 
which  tbe  weight  of  ths^ 
Volume  dinplaeod  is  equal 
that  of  the  balloon  itM>l: 
1 1  i>i  carried  jnoMt  this  i 
in  the  fin>t  instance  in 
tue  of  the  velocity  which 
)uu  aojutrcd,  and  tinal— J 
comes  to  rest  in  it  af  tnr 
number  of  oscillatioiu. 


t>t.  IM.-  B.Ua»  oia  Cm  u4  FwMkirtL 


360.  Height  Attainable. — The  pressure  of  the  air  in  the  slmtum 
equilibrium  con  be  calculated  as  follows: 

Let  V  be  the  volume  of  gas  which  the  balloon  con  contain  wt 
fully  inllat«d. 
V  the  volume,  and  w  the  weight,  of  the  sohd  parte,  inein 

the  aeronauts  themaelves. 
I  the  di-njiity  of  the  gas  at  the  Ntandanl  preontre  and 
perature,  and  1>  thd  density  of  air  under  the  i 
tions. 
Tlien  if  P  denote  the  standard  pressure,  and  p  the  preanm 
stratum  of  equilibrium,  tlu)  density  of  tlie  ^»  when  thb 


perfectly  truu  balance,  teodiag,  by  the  principle  of  the  baro- 
,  to  Buke  the  clotuer  of  two  equal  muMS  pvepondornte.  The 
veigliu  ufl«(l  in  weighing  are,  strktlj  speaking,  stAndanls  of 
,  and  will  oquilibrate  any  «qual  mowies  in  vacuo;  but  in  air  the 
litoiuin  will  be  destroyed  by  the  greater  upward  pressure  of  the 
the  larger  and  less  dense  body.  When  the  specific  grantiea 
weights  and  of  the  body  weighed  are  known,  it  is  easy  from 
['parent  weight  to  deduce  the  true  weight  (that  is  to  say,  the 
I  of  the  body. 
a  bo  the  nral  weight  (or  oissh)  of  a  body  which  bnliutces  a 
weight  of  w  grammes  when  the  weighing  ia  made  in  air. 
I  density  of  the  body,  t  that  of  the  standard  weight,  and 
i^  of  the  air.     Then  the  weight  of  air  displaced  by  the 

I  %x,  and  the  weight  of  air  displaced  by  the  standard  weight 
Henoe  we  have 


I  - 


I  - 


-:='i'-(M)i-"- 


.  lake,  for  iiutanoe,  a  piece  of  sal[Aar  whose  weight  hoA  been 
to  be  100  granunee,  the  weights  being  of  copper,  the  den-iity 
ikfrS.    Iba dearitv of Bult^ui » 8. 
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that  of  the  vreighta  used,  the  real  weight  is  greater  Uian  &b 
apparent  weight;  if  the  contrary,  the  case  is  reversed.  If  the  body 
to  be  weighed  were  of  the  aame  density  as  the  weights  used,  the  real 
and  apparent  weights  would  be  equal.  We  may  remark,  that  in 
determining  the  ratio  of  the  weights  of  two  bodies  of  the  aame 
density,  by  means  of  standard  weights  which  are  all  of  one  material, 
we  need  not  concern  ourselves  with  the  effect  of  the  upward  pressure 
of  the  air;  as  the  correcting  factor,  which  has  the  same  value  for 
both  cases,  will  disappear  in  the  quotient 
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tlftchines  for  ratatng  water  have  been  known  from  very  early 
d  the  invention  of  ihe  oommon  pump  ia  pretty  generally 

to  Ctesibhw,  tencber  of  tUc  evlchnU^d  Huru  of  Ak^xamlria; 
tnia  tlieory  of  ibi  action  wan  not  undtiniood  till  tliv  time  o! 
ind  Toniculli 

Sewoa  of  tke  Bisias  of  Water  in  Pnmpe.^ — Sui>po(w  we  take  a 
it  a  pLnton  at  the  bottom  (Fig.  15't).iuid  immerse  tJie  lower 
it  in  water.     The  raising  of    tb« 
Kods  to  produoe  a  vacuum  below  it,  ^^ 

atinOHpborie  preasare.  acting  upon 
ibmI  sorfaea  of  the  liijuiil,  comiieb 
I  in  the  tube  and  follow  tlie  upward 
jl  tli«  piston.  Tbi9  upward  move- 
':  Ibe  water  would  take  place  own 

air  were  tnterposvd  bctwui-n  the 
ktid  the  water;  for  on  raiding  the 
this  air  would  be  nuvtied,  and  its 
f  00  longer  balancinij:  tJiat  of  the 
ine,  this  latter  pnvwure  would  oause 
M  to  asceud  in  a  column  whooo 

added  to  the  pressure  of  the  air 
he  pialon,  would    bo  w{ual   to  the 
Mtie  pramire.    TtiU  bt  Uie  principle 
ih  water  riies  in  pumj».     These  in 
)la  liave  a  considenble  variety  oi   :  >-- 
vf  which  we  ahall  duoribo  the  moat  r^  iu^n^i\-it  "i  t-'Kuaa-iMit,^ 
tat  types. 

BuUon-pnap.— The  suctioa-puuip  (Fig.  tS5)  coiisiHta  of  a 


^ 
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eylindricftt  piiinp-l>ivrrol  travuraed  by  a  pistoo,  and  commumcating 
by  nioaiw  of  a  stnallvr  tube,  called  the  »uction-tubc,  with  tho  wat«r 
in  th«  pump-well.  At  thn  jiinctioa  of  tli«  pump-barrel  aiid  U>«  tithe 
is  a  valve  opening  upward,  called  the  suction-valve,  and  in  the 
piston  18  aa  opening  closed  by  another  valve,  also  opening  upward. 

Suppose  now  the  euctjon-tubo  to  be  filled  with  air  at  the  atmo- 
»pboritt  prussuni  and  the  water  eonsfqucntly  to  be  at  the  eamo  Urtl 

iodide  the  tube  and  in  tJie  well    Suppow 
the  piston  to  be  at  the  end  of  ita  downwai^l 
stroke,  and  to  be  now  raised.     This  qmUoo 
tends  to  produce  a  v-acaum  below  the  p»- 
too,  lieaco  the  air  contaiiiod  in  tb«  sue- 
tion-tubo  will  open  the  soetion-vslve,  and 
rush   into   the  pump-barreL    The  «laitie 
force  of  this  air  being  thos  diminished,  tlu 
atmcsplierie  preamre  will  cause  the  waUr 
to  ri.'««  in  thii  tube  to  a  haight  such  thit 
tlia  pressure  due  to  this  height,  Jnieriawil 
by  the  pressure  of  the  air  inside,  will  ex* 
actly  couDtertjalanoe  the  pressure  of  Ibc 
atmosphuni.    If  the  piston  now  daaoewb. 
tlio  suction-valve  eloees,  the  wat«r  naaim 
at  the  level  to  which  it  baa  baaa  laiHd 
and  the  air,  being  compressed  in  the  baml 
opens  the  pbton-valve  and   eaeapea    it 
tlie  next  stroke  of  tho  piston,  the  «ata 
will  rise  still  furtlior,  and  a  freah  portica 
of  air  will  eacape. 

If,  tJien,  the  length  of  the 
is  le«s  than  about  SO  feet,  the  water  will,  after  a  certain  n 
of  strokes  of  the  piston,  be  able  to  roadi  the  suction-valve  and 
into  the  pump-barreL  Whvn  this  point  baa  been  reached 
action  chuigM.  Tiit  piaton  in  its  downward  stroke  oomi 
the  air,  which  cmnpes  through  it,  but  tlie  wat«r  abo 
through,  ao  that  the  piston  when  at  the  bottom  of  the  poinp- 
will  Itave  above  it  all  the  water  whidi  baa  pceriously  riMfi 
into  the  barrel.  If  the  piston  be  now  raisod.  sapposini;  ib0 
total  height  to  which  it  is  raised  to  bo  tMt  tooro  than  34  foot  abofl 
the  level  of  the  water  in  the  welt,  as  ahould  always  be  the 
the  wat«r  will  follow  it  in  ita  upward  tnoveraent,  and  will  GU  th 


J 
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-tanwL  In  Uio  Jownwnnl  xtroka  this  water  will  jmsh  up 
tltiDagb  Ute  pbtou-volve,  and  in  iho  following  upward  ^loke  it 
will  bo  dii»cb&rged  at  the  spout.  A  irenh  quantity  of  water  will  by 
tbLi  time  have  risen  into  the  puup-barrel,  and  the  same  oporationa 
will  ht  repeated. 

Wa  thna  Me  that  Erom  thu  tJmo  when  the  water  baa  entered  the 
pnmp-hamtl,  at  eodi  upward  stroke  of  the  piston  a  volume  of  water 
ia  eject«x]  equal  to  the  oonteots  of  tlt«  pump-bam:l. 

Iq  order  that  the  wat«r  may  be  able  to  riae  into  tliA  putnp-barrol, 
the  nictioD-valve  must  not  be  more  than  S4  feet  above  the  level  of 
iIm  watvr  in  Uie  well,  oth«rwiso  tlie  water  would  stop  at  a  certain 
point  of  th«  tube,  and  oould  not  bu  raised  higher  by  any  farther 
akotion  ol  the  pttton. 

Monorer,  in  ordar  that  the  working  of  the  pump  may  be  auch 
a*  we  have  described,  that  is,  that  at  each  upward  stroke  of  the 
piston  a  quantity  of  watvr  may  be  removed  equal  to  the  ve'ume  of 
tl>e  pump-bairol,  it  is  uvcvosary  that  the  pi»tou  whvn  at  the  top  of 
iu  stroke  should  not  bt  mom  tlian  34  fi-vt  above  Uie  water  iii  the 

SU.  SSbet  of  ontiaveraed  space. — Tf  the  piston  does  not  descend 
Id  the  bottom  of  the  barrel,  it  is  possible  that  the  water  may 
bU  short  of  rising  to  the  suction-valve,  even  though  the  total 
httght  reached  by  ttiu  piston  be  \v»»  Uian  Si  feet.  When  Uic 
|{jitoB  in  at  the  cod  of  its  downward  stroke,  the  air  below  it  in 
tU  Isrrel  in  at  atcoospherio  pressure;  and  when  the  limit  of 
swki&g  baa  been  reached,  this  air  will  expand  during  tJie  upward 
*alu  until  it  fills  the  barrel.  Its  prcsmire  will  now  be  the  same  as 
lW«f  the  air  in  the  top  of  tlie  suctton-tubei  and  if  thii«  pressure 
U«(|ttivalcnt  to  h  feet  of  water,  the  height  to  which  water  can  be 
*wa  lip  will  be  only  34— A  feet 

Euinpla.  The  suction-valve  of  a  pump  is  at  a  height  of  27  feet 
•kri  the  surface  of  the  water,  and  iLe  piston,  the  entire  length  of 
^twstruke  is  7'tt  inebee,  when  at  the  lowest  point  is  31  inches 
1^  (he  fixed  valve;  find  whether  the  water  will  be  able  to  rise 
i*j  tlw  punip-barrel. 

niK-n  till?  piston  is  at  the  end  of  its  downward  stroke,  the  air 
Ukw  it  in  the  barrel  is  at  the  atmospheric  pressure;  when  the 
j  /ktm  is  raised  this  air  becomes  rarefied,  and  iU  pressure,  by  Boyle's 

'k*.  bMomes  j^  that  of  the  atmosphere;  tliin  pressure  can  therefore 
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btUnco  a  colamn  of  w«tcr  whoso  lioiglii  is  34  x  tt^  feet,  or  9-S7 


feet     He 


the 


lence,  Itie  maximum  height  to  which  tins  wnlcr  cikii  atlAiD  in 
<t4  —  d'67  feet  =  2433  fccti  oud  coiU!^'<jUtfntly,  ha  the  auction -Utlw 
in  27  f«cb  long,  the  watur  will  not  rise  into  the  puEup-barrel,  even 
«uppwin^  the  pump  to  be  perfectly  free  from  leakage. 

I'nictically,  the  pump-barrel  abould  not  be  iik»«  than  aboat  tH 
feet  above  tJie  surface  of  the  water  in  the  well;  but  the  spout  may 
be  more  than  34  feet  above  the  barrel,  as  the  wat«r  after  rising 
above  the  piston  U  simply  pu»)ti;(l  up  by  the  U>ct4-T,  an  q>orauoii 
whicli  is  ini)e]>cn<:lvnt  of  atmospheric  preaaure.  Puuipa  in  which 
the  spout  is  at  a  great  height  above  the  barrel  are  commonly  callel 
U/l-pnmp*,  but  they  are  not  eeseotially  different  from  the  euction- 
pump. 

356,  Force  nececsary  to  raiM  tlis  Piaton. — The  force  which  must 
be  exptiixk-d  iu  ordi-r  to  rai-'W  tlie  pitttun,  in  equal  to  tlie  weight  of  a 
ooluuui  of  wat«r,  whose  hone  Lt  the  aecUon  of  the  piatoo,  and  wIkm 
height  ia  that  to  which  the  water  Lt  raised.  Let  S  be  tbe  wctiOD  of  ' 
the  pisttn,  P  the  atmospheric  pressure  upon  thiii  area,  A  the  bei^ 
of  the  column  of  water  which  is  above  the  piston  in  ita  pnacBt 
poeition,  and  A'  the  height  of  the  column  of  water  below  it;  tliM 
the  upper  siirfnoe  of  the  piston  is  itubji.-cted  to  a  pr^'Mure 
P  +  S  A;  the  lower  face  ts  subjected  to  a  prcivture  in  tlie 
direotioa  equal  to  P  —  SA',  and  the  entire  downward  proaNin 
represented  by  the  difference  butwofn  these  two,  that  ia,  I;  S 
(A  +  A-). 

Tlie  same  concluiiioa  would  be  arrived  at  even  if  tJic  water  Ii*d 
not  yet  reached  the  pinton.     In  thli  case,  let  I  be  the  height  of  iha  | 
column  of   water  raised  i   then  the  pressure  below  the  plftoB  !■  i 
P  —  SJ;  the  preesure  above  is  tumply  the  atmospheric  praanm  Pi 
and,  cooaequcntly,  the  difference  of  tbeae  pnuwurea  acts  downwvd. 
tnd  its  value  wSL 

SS7.  Smciency   of  Pumps. — From   the  results  of  lent  aevtinD  tt 
follows  that  the  foi'ce  required  to  raise  the  piaton.  niultipUni  bjT ' 
the  height  Uiruugh  whicJ]  it  is  raiaed,  is  equal  to  tlie  Wright  * 
water  diadtat^ged  multiplied  by  tlte  height  of  the  spout  above 
water  in  tJie  well.    TIiia  is  an  illuBtratioo  of  Uie  principle  of  wo 
(§  40).     Aa  this  result  has  been  ol)tained  from  mervly  nlatical  ojc*'* 
sideratioos,  and  on  the  hypothesis  of  do  friction,  it  prcMnU  to^ 
favonrnble  a  view  of  the  actual  effirieney  of  the  pumpi. 
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thu  friction  of  tliu  solul  parte  of  thv  inccbRnism,  there  is 
rork  imiActi  io  generating  the  velocity  with  which  the  fluid,  as  a 
rbole.  b  tliteharged  at  the  spent,  and  also  in  producing  eddies  and 
olber  inti^mal  motions  of  the  fluid.  ThcAe  eddies  are  espedatly  pro- 
diae*d  at  the  sudden  onlargcmonts  and  contractions  of  the  paBSogea 
tlmngh  which  the  fluid  flows.  To  these  drawbacks  mtist  bo  added 
kaa  from  loakagn  of  wnter,  and  at  tlie  coromenoesDsnt  of  the  opera- 
tkn  ttom  leaka^  of  air,  through  the  valves  and  at  the  circum- 
ference of  the  piston.  In  com- 
mon household  pumps,  which  are 
geDcrally  roughly  made,  tJie  ^- 
dtncy  may  be  as  uiiall  aa  "25  or 
'3;  that  Li  to  say,  tlie  product  of 
the  weight  of  water  rained,  and 


SMimjiaap. 


ria  lU. 


■•  iMo^ht  thnitigb  which  it  \»  raised,  may  bo  only  'ia  or  '3  of  the 
'"k  J'«e  in  drir-ing  the  pump. 

hi  V'xgt.  150  &nd  157  are  sbowo  tlte  mean.i  uitunlly  employed  for 
■"••uBB  Uw  piston.     In  the  first  fignre  the  upward  and  downward 
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voovMiMint  of  t}ie  piston  ist  cffi^otl  by  mauut  of  a  lever.  Tlic  hi 
figure  reprdfleute  tui  arrangement  oft«D  employed,  in  which  the 
ftlt«m&te  motion  of  the  piston  is  effected  by  means  of  a  rotator; 
motiijn.  For  this  purpose  the  piston-rod  T  is  joioed  by  meaxu  o( 
the  cotmccUng-rod  B  to  the  crank  C  of  &n  axJu  turtied  by  a  Uaodle 
attached  to  the  fly-whe«l  V. 

288.  FoTcitif-pnmp. — The  forcing-pump  conftLttA  of  a  pump-baml 
dipping  into  u-at«r,  and  having  at  the  bottom  a  valve  openiog  op- 

ward.  In  oommunication  with 
the  pump-bom;!  is  a  side- 
tulx),  with  a  valve  at  the  point 
of  junction,  opening  from  th« 
barrel  into  the  tube.  A  wlid 
piston  moves  ap  and  down  the 
pump-barrel,  and  it  is  evident 
tliat  when  tliut  piston  ia  raised, 
water  enters  the  barrel  by  the 
lower  valve,  and  that  when 
the  piston  desceods,  tiiis  water 
is  forced  into  the  aide-i 
The  great«r  the  height 
this  tube,  the  greattrr  will 


l%Ui.~i..^u.i 


the  force  required  to  push  the  piston  down,  for  the  reaistanoe 
overcome  is  the  preaHun;  due  to  the  column  of  water  raised. 

The  forciug-putup  most  frequently  has  a  short  suction-pipe  l 
from  the  reservoir,  as  represented  tn  Fig.  159.     In  this  case 
water  is  raised  from  the  reservoir  into  the  barrel  by  atm 
prassuro  during  the  up-stroke,  and  is  forced  from  the  barrel  into 
aMendint;  pipe  in  the  down-atroko. 

209.  Planar. — When  the  height  to  which  tlio  water  is  to  be  fi 
ia  very  considerable,  the  different  part«  of  the  pump  must  be 
atrongly  made  and  fitted  together,  in  order  to  resist  the  unonDi 
pressore  produced  by  the  column  u{  water,  and  to  prevent 
In  this  eaee  the  ordinary  piston  atuffed  with  tow  or  loathvr 
oaanoi  be  used,  but  Li  n^jilaced  by  a  Dolid  cylinder  of  metal  called 
jinngtr.     Rg.  160  represents  a  section  of  a  pump  thus 
The  plunger  is  of  smaller  section  than  the  barrel,  and  passes  th: 
a  stuiBng-box  in  which  it  fits  air-tight.    The  volume  of  water  w! 
mien  the  barrel  at  each  up-etroke,  and  is  oxpcUcd  in  the  dowv 
stroke,  Li  the  same  as  the  volume  of  a  length  ci  the  plunger  equal 
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ItB^th  of  niroko;  aad  tliu  liyilnnflKtic  pressare  to  he  overoome 
}'ia  proportioiul  to  the  sectioo  oC  tliu  {jluiigLT,  not  to  that  of  the 
tNUT«L  As  the  operation 
|irooe«-iis.  air  is  set  froe 
from  thv  water,  and  would 
aveataftlljr  impede  the 
oricing  of  tbo  pomp  were 
Dofe  penrmitted  to  escape. 
For  this  porpoae  the  plunder 
piecoed  with  a  narrow 
wfaich  in  (q>en«<l 
ftotn  umti  to  tiue  to  blow 
out  tlio  air. 

The    drainage   o(    deep 

minfle  ia   mnuUly  eS^ctod 

tiy  a  MiJM  of  pumpe.    The 

wator   b    Snt   raised    by 

one  pump  to  a  reservoir, 

Into  which  dips  the  suctlun- 

Ubi  of    a   woond    pump, 

wUch  Mnds  the  water  up 

tn  t  Meond  nvHTotr,  and 

n  on.   The  pistoo-tods  of  the  differetit  pumpe  are  all  ioined  to  a 


I'll  i::.~y\ 


«(la  rod  called  tlio  tptar,  which  receives  its  motion  from  a  steam* 
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860.  Pire-engina. — The  oniinarF  fire-en^Hne  is  formed  by  the  utuon 
of  two  forcing-pumps  which  play  into  a  common  reeervoir.  contain* 
tog  in  itfi  appcr  portion  (called  the  air-chamber)  sir  oompremed  by 
the  working  uf  th«  engine.  A  tul>c  ilipn  into  tlte  water  in  thii 
reservoir,  &iid  to  the  upper  end  of  this  tube  i»  screwed  the  leather 
hose  through  which  the  water  ia  discharged.  The  piston-rods  a» 
jointed  to  a  lever,  the  ends  of  which  are  mised  and  deprL'a»ed  alt«r- 
ootcly,  60  that  one  piston  is  ascending  while  the  other  is  dMOcndin^', 
Wat«r  la  thus  continually  being  forced  into  tJie  oommon  reservoir 
except  at  the  instant  of  reversing  ntroke,  and  as  the  comprened 
in  the  air-diainber  performs  the  part  of  a 
voir  of  work  (nearly  analogous  to  the  fly-wbeelX 
the  disdiarge  of  water  from  the  nozzle  of  the 
hoM  is  very  steady. 

The  engine  is  xonietJmoe  supplied  with  water 
b}'  roeam  of  an  attached  cittern  (aA  in  Fig.  1^ 
into  which  water  is  poured;  but  it  is  mom 
usually  fumisbed  with  a  auction-pipe  which 
renders  it  self-feeding. 

261.  Donble-aetin^  Pnmpe. — These  pumpa,  the 
invention  of  which  in  due  to  Delaliire.  aru  oftvo 
employed  for  lioiLsehold  purposes.  Th«y  oomiat 
of  a  pump-barrel  VV  (Fig.  IGi),  with  four  opeo- 
inga  in  it,  A,  A',  B,  B'.  The  openings  A  and  V 
are  in  communication  with  the  auction-tube  0; 
A'  and  B  are  in  communication  witJi  tlio  ajoe- 
tioD-lubo  C.  The  four  oj)enings  are  fittfnj  with 
four  valvea  opening  all  in  the  same  direelicNi. 
that  is,  from  right  to  left,  whence  it  foUowi 
that  A  and  B*  act  as  suction- valves,  and  A'  aod 
B  aa  ejection-valves,  and,  consi-quently,  in  which(.'%'er  diroctiDD  tba 
piaton  may  be  moving,  the  suction  and  ejection  of  water  an  takiaf 
place  at  the  same  time. 

262.  OeotHfu^al   Pmnpt. — Contiifagnl   pumpa,  vhidi  hare  laof 
been  uaed  as  blowers  ior  air,  and  have  recently  come  into  extonaliv 
use  for  pnrpoeee  of  drainage  and  irrigatioa,  consist  mainly  of  a 
Msilig  or  box  of  approximately  circular  outline,  in  which  the  fl 
\s  made  to  revolve  by  a  rotating  propeller  furnished  with  fani 
bladoa,    Tlieso  extend  from  ncAr  the  centre  outwards  to  the  circunt 
fortDce  of  tlie  propeller,  and  are  usually  ctir\-ed  baekwudt.    TIl 
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betwMD  them,  in  virtiio:  of  tin-  n-ntrifii;:»l  fonx  generated  by 
it«  rototkn,  tenda  to  move  outn-AriJ.'!>,  unci  in  allowM  to  pass  off 
tlirough  •  Urge  conduit  which  learea  the  cow  tAiigeDtiaI]y. 


f       The  limt  part  of  Fig.  163  in  a  section  of  the  propeller  and  ca^in^, 

C  bring  a  n-ntral  opening  at  which  the  fluid  enters,  and  I)  the 

eoodidt  tliTougli  which  it  escapes.     Thi-  second  part  uf  the  tigiire 

mpnamta  a  amall  pump  os  mounlod  for  use    The  laT;gcst  class  of 
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James  Tbomeon  for  raiatng  water  by  means  of  the  descoot  of  other 
wattir  frcitti  abov«,  tlie  commoD  outfall  being  at  an  intermediate  level. 
It«  action  somewhat  resembles  that  of  tlie  blaitt^pipe  of  t>ie  loconx^ 
tive.  The  pi[)e  currespondlug  to  the  locomotive  cbininey  must  Iiave 
a  nanx)w  throat  at  tlie  place  where  the  jet  enters,  and  must  thence 
widen  very  gradually  towards  it^i  outlut,  which  is  immonted  ia  the 
outfall  watvr  ho  ati  to  provunt  any  admission  of  air  during  tb« 
pumping.  The  water  is  drawn  up  from  tliv  tow  level  tJirou^  • 
auction-]>ipe,  terminating  in  a  chamber  surrounding  the  jet-nozzle. 

Fig.  164  represents  the  pump  in  position,  the  jet-nozzle  with  it» 
eurroundtQgs  being  also  shown  separately  on  a  largi;r  scale. 

Ttkt  action  of  the  jet-pump  ia  uxpiainvd  by  the  following  eonaider- 
ations. 

Suppose  we  have  a  horizontal  pipe  varying  gradually  in  itectioDal 
a»A  from  one  point  to  another,  and  completely  filled  by  a  liquid 
flowing  steadily  through  it.  Since  the  same  quantity  of  liquid  paaaeg 
all  cro»»-si.'«tioiui  of  the  pipf,  the  velocity  will  vary  inversely  aa  the 
sectional  area.  Those  portions  of  the  liquid  which  are  f— iig  at 
any  moment  from  the  larger  to  the  smaller  parta  of  the  pipe  are 
being  accelerated,  and  are  therefore  more  stnmgly  pushed  behind 
than  in  front;  while  the  opposite  is  Uie  case  with  those  which  are 
paseing  from  smaller  to  lar^r.  Placui  of  large  nectional  area  are 
therefore  plaoea  of  lunall  velocity  and  high  prcAKuro,  and  on  the  other 
hand,  places  of  small  area  have  high  velocity  and  low  pcoMure. 
Pressure,  in  such  discussions  as  this,  is  most  conveniently  exprt^^vtrd 
by  pretmire-h^iyht,  that  is,  by  the  height  of  an  equivalent  column 
of  the  liquid.  Neglecting  friction,  it  can  be  sliown  that  if  f|.  t^  be 
the  velocitiea  at  two  points  in  the  pipe,  and  kj.  A,  the  pmosure- 
heigbta  at  these  points, 

g  denoting  the  intensity  of  gravity.    The  change  in  pressure-bcigfat  ■ 
ia  therefore'  equal  and  opposite  to  the  cliange  in  ^^    Thia  is  lor  a 

horizontal  pi  pa. 

In  an  asoending  or  descending  pipe,  there  b  a  further  change 
pressure-height,  equal  and  opposite  to  the  change  of  actual  hetghL 

Let  H  he  the  pressure-height  at  the  free  surfaces,  that  la,  tha 
hei;'ht  of  a  column  of  water  which  would  balance  atmcxsplieric  pra^ 
«ure; 
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k  tlia  dilference  of  level  between  the  jet-nozKle  and  the  £ree 

surface  above  it. 
t  the  different  of  level  botveuD  the  jet-QozsIe  and  the  free 

sorfaoe  of  the  water  which  18  to  bo  rai£«d. 
p  the  Telocity  with  which  the  hquid  rushu  tlirough  the  jet- 

Donle, 
''tbeo    the   preasure-height  at    the   jet-nozzle   may    be    taken   as 

H  +  k~  j-i  and  if  this  be  less  than  H  -  f  the  water  will  bo  sucked 

Th«  oooditioD  of  working  is  therefore  that 

B  - 1  bo  gTMtcv  llika  H  *^  ~  ^w 

where  it  wlU  he  observed  that  Jt  +  '  is  the  ditference  of  leveb  of  the 
hi^eat  and  lowest  &ee  surfaces. 

M4.  EjdntvUfl  Praas. — The  hydraulic  press  {Fig.  165)  consists  of  a 
sueUon  and  force  pump  aa  worked  by  means  of  a  lever  turning  about 
u  axis  O.     Thu  water  drawn  from  the  reservoir  BB  is  forced  along 


Hf.  tat.~fitwMk  Ft**. 

tabe  OC  into  the  cistern  V.     In  the  top  of  the  cistern  ia  an  open- 

thnngh  which  moves  a  heavy  metal  plunger  AA.    Tlila  carrier 

^  ib  upper  end  a  Urge  plate  B'B',  upon  which  are  placed  tlio  objects 

^  ba  prMBsd.    Suppose  the  plunger  A  (o  be  in  it«  lowest  position 

^hm  the  pnmp  bagimi  to  work.    Tlic  ciHtvm  fml  Ixigitut  to  ^11  with 

*lter;  than  tho  premure  exerted  hy  thu  pluuger  of  the  pump  is 

bvMmittcd.  according  to  the  prineiplce  laid  down  in  §  141,  to  the 

^DHom  of  the  plunger  A;  whicli  accordingly  rises,  and  thu  objects  to 
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tm  jirvHHted.  bu»g  i&lcrccptetl  b«tw4!«ii  the  pl&te  and  tlie  top  of  a  i 
fraDie,  Me  aubjected  to  the  tnniumttcd  preasora.  The  amount  of 
this  pr^^ure  depends  both  on  the  ratio  of  the  SMtions  of  the  pistons. 
BDd  on  the  length  of  thu  Iuvlt  uaoI  to  vrurk  tlic  forcivpump.  Sup- 
|M8«,  for  iiwtoncu,  that  Uto  diHUnce  of  the  point  m,  whvro  tlie  hand 
u  applied,  from  the  point  O,  is  equal  to  twelve  Uniett  tb«  dislaDce 
10,  and  suppose  the  force  exerted  to  be  equal  to  tifty  )>oaiKla.  Bjr 
the  principle  of  tlie  luvvr  this  Is  equivalent  to  s  force  of  50  x  12  at 

th»  point  I;  nud  if  tlio  Mclion  of  thu  ptHton 
A  bf  at  t]w.  i4»n6  time  100  times  thai  of  the 
pifltoD  of  the  pump,  the  preasoro  tni»- 
niitted  to  A  will  be  50  x  12  x  100  =  60,000 
pounds.  These  are  the  ordinarj  ooDdiuua-> 
of  the  press  usually  employed  in  worksbopa. 
By  drawing  out  the  pin  whicli  serves  as  an 
axis  at  O,  and  introducing  it  at  0',  we  can 
increase  the  medianical  advantage  of  the 
lever. 

Two  parts  essential  to  the  working  of  the 
bydimulic  priiee  aro  not  represented  in  the 
figure.  Tlii'se  are  a  Hafuty-volve,  which 
Opa»  when  the  premure  uttAins  the  limit 
which  is  not  to  be  exceeded;  and,  iwcoodly, 
a  tap  in  the  tube  C,  which  is  opened  wb«B 
we  wish  to  put  an  end  to  the  action  of 
pron.  The  water  thun  runs  oA',  and  the  piston  A  descends  again  1 
the  l>ottom  of  the  cinbem. 

The  hydraulic  i)Tvan  was  dearly  described  by  Pawal,  and  at  a  still 
earlier  date  by  Stevinos,  but  for  a  long  time  ivniaiiiod  practic 
noelesB;  because  a»  soon  as  the  pressure  began  to  be  at  all 
the  wat«r  escaped  at  the  surface  of  the  piston  A.  Bromah  inv< 
tlic  cupped  Uiilher  collar,  whicli  prcTanta  the  liquid  from  esca[ 
and  tlim  enables  us  to  titilive  all  the  power  of  the  machine.  It  eoo- 
sists  of  a  leatlier  ring  AA  (Fig.  IGQ),  bent  bo  as  to  Iia>'e  a  seoiictr- 
cular  SLNrtion.  This  is  tilted  into  a  hollow  in  the  interior  of  the  stdaa 
of  the  cistern,  ko  Uiai  water  passing  between  the  piston  and  cylindv 
will  till  the  concavity  of  the  euppoti  Imtbcr  oolUr.  and  by  pr 
on  it  will  produce  a  packing  whicli  titet  more  tightly  as  the  jii 
on  the  piston  increases. 

hydraulic  press  is  very  extensively  employad  in 
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It  is  of  great  power,  and  may  be  constructed  to  give  pressures  of 
two  or  three  hundred  tons.  It  is  the  instrument  generally  employed 
in  cases  where  very  great  force  is  required,  as  in  testing  anchors  or 
r&ising  very  heavy  weighta  It  was  used  for  raising  the  sections  ot 
the  Biitanoia  tubular  bridge,  and  for  launching  the  Great  Eaatem. 


CHAPTEK  XXIII. 


EFFLUX   OF  UQtJID& — TOlUUCSLLr'S  TBISOBXIL 


266.  If  an  opening  ia  made  in  the  Bide  of  a  vessel  eontatidag 
wator.  tlio  liquid  escapes  with  a  velocity  which  is  greater  aa  Uw' 
mirface  of  the  liquid  in  the  veneel  'a  higher  abovo  th«  urific«,iv  to 
employ  the  uKual  phrasf.  at*  tlio  hfatl  of  1i<[iiiil  in  greater.  This  point 
in  the  clynaDucs  of  liquids  was  ma<)e  tJie  suhject  of  expcrlmonta  bf 
Porricelli.  and  the  result  arrived  at  by  hint  was  that  the  velocity  of 
«fflux  in  equal  to  that  which  would  be  acquired  by  a  body  fifcUiiig 
frvely  from  the  upper  nurface  of  tJic  liquiil  to  tho  oeotra  of  tbc 
oariflce.  If  A  be  this  height,  the  velocity  of  efflux  ia  given  by  tbn 
formula  

This  is  culled  Torricclli'ii  theon-iu.  It  supposes  the  (niBce  to  be 
small  oonipn,r<td  with  the  luTi/ontiLl  Hi>cti(()i  of  the  vomoI,  and  Id  bM 
exposed  to  tlie  rtamo  atniosplieric  pressure  ns  tho  upper  surfBOO  ot 
liquid  in  the  veaaeL 

It  may  bs  deduced  from  the  principle  of  conservation  of 
for  (he  CMCftpe  of  a  mass  m  of  liquid  involves  a  \om  mgh  of 
of  position,  aod  must  involve  as  equal  gain  of  en«i^  of 
But  the  gain  of  energy  of  motion  is  fmv*;  hence  we  have 

)«.*  -  MuA,  t*  =  9^ 

The  form  of  the  issuing  jet  will  depend,  to  some  extent,  on 
form  of  the  orifice.    If  the  orifloe  be  a  round  bote  irith  sharp 
in  a  thin  plate,  the  flow  through  it  will  not  be  in  parallel  HlM^ 
the  outer  portiuns  will  converge  towards  the  a?us,  producing  a  nff*^ 
narrowing  of  the  jet    The  section  of  the  jet  at  which  this  oonn^ 
genee  ceases  and  the  flow  becomes  seosiUy  psraltel,  is  called  tt( 
eoninubd  vein  or  tvna  contraeta.    The  prossure  witlun  tho  jei  il 
tliia  part  U  atmospheric,  whereas  in  Uie  converging  part  it  is 
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Ouai  Mmusph«nc;  and  it  is  to  tlw  contracted  rein  tbnt  Torricelli's 
fonuuU  propwly  applic*,  V  deooting  tim  velocity  at  Uie  coulracted 
vain,  and  h  th«  depth  of  ita  central  point  bolow  the  £ree  surfAcv  of 
tb*  liquid  in  the  vensel. 

S66.  Aiea  of  Contncted  Vein.  Fioade'a  Oa3«.— A  foroo  is  equal  to 
the  moincQtum  which  it  geuoratoB  in  the  unit  of  tiinv.  Lvt  A 
denote  the  arua  of  an  orifiov  through  which  a  liquid  isauca  horizon- 
tallj.  and  a  the  arcA  of  the  contracted  vein.  From  the  exjuality  of 
action  and  reaction  it  follows  that  the  resultant  force  which  ejects 
the  issuing  stream  ia  equal  and  opposite  to  the  ree^ulUii.t  horizontal 
tone  exerted  on  tb«  vcsael.  The  latter  may  be  taken  aa  a  tintt 
approxiiuAtioti  lo  be  uqual  u>  the  pressure  which  would  be  exerted 


^  /_ 


i 


^ 


\ 


uD  a  plu]f  closing  the  oriliov,  tliat  id 
to  t}kA  if  the  density  of  the  liquid  be 
takes  as  unity. 

The  hocuontal  momentum  gener- 

•M  in  the  water  in  one  second  tc 

tlu  product  of  tho  velocity  v  and  tliu 

tttm  (;joc(ed   in  one  second,     Th« 

>tilutiie  ^feetcd  in  one  socood  ia  va, 

Thim  b  equal  to  tlte  tuatta,  since  the 

deoai^    is    unity,    and    hence    the 

iMMBeiitum    is  v^a,  that    is,   2<;Ka, 

Sqtaating  this  last  ezpreaiion  for  the 

■oxaentum  to  the  foregoing  expres- 

jj^n  for  the  forcei,  we  have 

is,  the  ares  of  tlio  contracted 
"'Sxi  is  half  tho  area  of  the  oritica. 

^Sr.  Fnode  haa  pointed  out  that  this  reaeomiig  is  strictly  correct 
*littn  the  liquid  is  discharged  through  a  cyliadi-icol  pipe  prujocUng 
BVardB  into  the  vceaKiJ  and  terminating  with  a  sharp  edge  (Fig.  167); 
>Bd  be  has  verified  the  result  by  nceumte  experiments  in  which  Uie 
i*tvas  discfaargad  vertically  downwards.  Thu  direction  of  flow  in 
fiftnuit  patta  of  the  jet  is  api)roximatcly  indicated  by  the  arrows 
•Brl  tii>u«d  lines  in  the  figure;  and,  on  a  larger,  scale  by  thoee  in 
fig.  Ilia,  in  which  the  sections  of  the  orifice  and  of  the  contractMl 
nb  are  abo  indicated  by  the  lines  marked  D  and  d.  We  may 
nigmric  that  since  liquids  press  equally  in  all  directions,  there  can 

IS 
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bo  no  material  diflTerence  botwocm  the  velocities  of  »  Tcrtjcii]  mad 
of  ft.  horbwntaJ  jet  at  thcsamo  depth  below  Uie  free  surface. 
26?.  Contracted  Vein  for  Orifice  In  Thin  Plate. — When  the  li<]iud 

ii  stcnpty  discharged  through  a  hole 
cut  in  the  side  of  the  vesael  and 
bounded  by  a  sharp  edgt,  the  dirt*- 
tion  of  flow  in  difforoDt  parts  of  the 
stroam  is  aliown  by  the  arrows  and 
dotted  lines  in  Kig.  169.  The  pn»- 
Rure  on  the  sides,  in  the  neighbour- 
hood of  the  orilice.  ia  tesB  than  that 
duo  to  the  depth,  because  the  curved 
form  of  the  lines  of  flow  impUtr*  (on 
the  principles  of  centrifugal  fores) 
a  smaller  pressore  on  their  ooneav* 
aide.  The  preenare  around  the  orifice  is 
would  be  if  the  hole  were  plugged.  The 
presBure  on  the  vessel  (if  we  suppose  the 


than  on  their  convex 
therefore  less  than  it 
unbalanced  horizontal 


indu  oontaiiung  the  jet  to  be  vertical)  will  therefore  exceed  the 

statical  pressure  on  the  plug  ghA,  since  the  removal  of  tb«  plug  not 

only  removes  the  pressure  on  the  plug  bgt  also  a  poriiott  of  tbs 

y        pressure  on  neighbouring  parts.    Thb  unbalanced  fbtet, 

■         which   U  grcaUtr  tlian  gliA,  is  neces.sarily  eciuol  to  the 

\f  momentum  generated  per  sectmd  in  the  liiiuid,  which  is 

v^*--    atill  represented  by  the  expression  v'a  or  S^Aa;   henes 

ig/ia  is  greater  than   ghA.   or  a    ia    greater   than    \A. 

BeaMoing  similar  to  tliis  applies  to  all  ordiaaiy  forms  of 

(^  oriflee.    The  peculiarity  of  the  case  investigated  by  Mr. 

ft  Fronde  comists  in  the  circumstance  that  the  pniwure  oo 

P         the  parts  of  the  veaael  in  the  neighbourhood  of  the  ori^— 

"<■*••■    id  normal  to  the  direction  of  the  jot.  and  any  ohangrvi 

its  amount  which  may  be  produced  by  unplu;:^ng  the  oiiSoe  have 

therefore  no  influence  upon  the  pressures  on  the  vessel  in  or  opposit* 

to  the  direction  of  the  jioL' 

Apparatus  for  Illustrmtion. — In  the  preceding  invwligatloas,. 


'  Ilia  totiim  aad  Um  fitoiMag  ona  sn  btmi  «■  tw«  —■—*"—'—'''*-  naj  Mm* 
Iba  PhOoHphlod  BtOalj  <4  GlHgow,  VAnmry  13d  aad  Uaiob  Stil,  18?<i  ^  M^ 
M  astnct  tnm  >  Mtn  tnm  Mr.  rnad*  to  Sit  WiUiMn  IViidm^  aad  Ik*  «th«  •  mm- 
■olntlM  ln«  VtMimix  Jkmo  Ttianwao,  U>  vfama  warn  bMkbtml  for  lb*  Mosaqasf- 
taffllnMMhni. 
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DO  aoeoant  is  taken  of  friction.  When  oxperiincnt^  are  conducted 
OQ  too  ansU  a  scale,  friction  may  mat«i-iaUy  diminlili  (Jie  velocity ; 
and  furthn-.  if  tho  vt-Iocity  be  tested  by  the  height  or  dia;tanoe  to 
wUdb  thr- jet  will  spout,  ilir  ro«ii4t«iicv  of  the  air  will  diminish  thin 
bntlflit  or  (lutanoe,  and  tiiwt  make  th«  velocity  appear  less  than  it 
rtaUy  ia 

F^  170  reprce«nt8  an  ajijtaratus  frequently  employed  For  illtmtnit- 


rif.  m  -^Ktakm  to  ••riljliif  TmtMCir*  thimtm^ 

^  Hoie  of  the  ooRsequenceo  of  Torricelli  a  theorem.     Au  upright 

T^indrical  naael  is  pierced  on  one  side  vith  a  oumber  of  oriRcca  in 

vertiinl  line,  which  can  he  opcn<.-d  or  clo«<cd  nt  pti-oHure. 

, :  ici_il  atNivu  the  vcs-H^'l  i^upptios  it  witli  water,  and,  wiUi  the 

f  ao  overflow  pipe,  maintains  the  Hurfsoe  at  a  ooniHant  level. 

>i£b  in  an  much  above  tlio  bluest  orifice  tt»  each  orifice  is  above 

'htl  next  below  it.    The  liquid  which  eacapea  Is  received  in  a  trough, 

'.'jf  edge  of  which  is  graduated    A  travelling  piece  with  an  index 
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liquid 


line  engraved  on  it  sUdos  along  the  trough ;  it  csrriee,  u  iJiown  ia 
one  of  the  seporatu  figures,  a  di^c  pit-rccd  wttli  x  circular  hole,  aad 
capable  of  being  turned  in  any  diroctiou  about  a  horizontal  axis 
ing  through  its  centre.  In  this  way  the  disc  can  alwa^'s  be  pi 
in  such  a  poiution  that  ita  plane  ahall  be  at  right  angUv  to  tlie 
jut.  and  that  the  jot  shall  pass  freely  and  exactly  Uirough  ita  eeotn. 
The  index  lioc  then  indicatuci  the  lango  of  tim  jet  with  oonsidenUo 
precision.  Thia  range  is  reckoned  from  tlie  vi^rtical  plane  containing 
the  orificee,  and  is  measured  on  the  horizontal  plane  passing  through 
th«  oeatre  of  the  disc.  The  distance  of  this  latter  plauL<  >>elow 
lowwi  orifice  is  equal  to  that  between  any  two  consecutive 

The  jet,  consiiiting  as  it  does  of  a  serice  of  projectiles  travelling 
the  same  ;>ath,  has  the  form  of  a  parabola. 

Let  u  be  the  range  of  the  jet^  6  the  height  of  the  oritlce  above  the 
ccnti-e  of  the  ring,  and  v  the  velocity  of  diiecharge,  which  we  aasnaw 
to  be  hori/xintal.  Tlicn  if  f  be  the  time  occupied  hy  a  partii 
the  liquid  in  pft-ssing  from  the  oritice  to  the  ring,  wv  tiavu  to  «x; 
that  a  is  the  distance  due  to  the  horiioatal  velocity  v  in  tlie  tiiM 
and  that  b  is  the  vertical  distance  due  to  gravity  acting  for  the  «a 
time.     We  have  therefore 


vhmM  I*  =  °,  = 


3A     .     pa* 


But  according  to  Torricelli's  tlieorem,  it  A  be  the  height  of  tlM  i 
face  of  the  water  above  the  orifice,  we  tiave  v*  =  igh ;  and  oomparii^ 
this  with  the  above  value  of  v*  we  deduce 


One  consequence  of  this  la.it  formula  is,  Uiat  if  the  values  of  b  i 
h  be  interchanged,  the  value  of  a   will  remain  unaltered. 
ainount«  to  saying  that  tlie  bighat  orifice  will  give  the  aanw  i 
■«  the  lowest,  tho  highest  but  (me  the  same  aa  the  luwcat  but  i 
and  so  on;  a  result  whidi  can  bo  vei^-  accurately  verified. 

If  we  describe  a  aomicircle  on  Uiu  line  b+h.  the  Icrigth  of  an  iji*i^| 
nate  erected  at  the  point  of  junction  of  6  and  k  is  n/bh.  <u>d  taW 
"  ~'t/itk  ^2^£^t. it  follows  tJiat  the  nmge  is  double  of  this onlinala 
This  is  on  the  hypothesis  of  no  friction.    Practically  it  is  hw  thu 
double.    The  grostMt  ordinate  of  the  semicircle  is  the  oeotnl  am, 
and  accordingly  the  greatmt  imngu  is  given  by  the  contnU  orifion. 
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869.  BBnx  Tnm  Alr-tlght  SpMO. — When  the  air  at  tli«  free  ear- 
tif  tUf  Uijitiii  it)  K  vi.i^i>l  is  itt  a  diflVrent  pressure  fruni  the 
«ir  into  which  th«  liquid  is  tlischargod,  wo  must  uxpre98  this  difTAr- 
Mtce  of  prtmarea  by  an  equi\-a1ent  column  of  tliv 
Hqoiil.  and  the  velocity  of  efflux  will  be  that  duo 
to  the  height  of  the  surface  above  the  orifico 
inerMMd  or  dnDiiuj>hcd  by  thia  culumn.  Efflux 
vQl  OMM)  altogether  when  tlio  prvsanrv  oa  tlio 
faM  nirfaoe,  together  witli  that  due  to  tlic  height 
of  tbe  free  surfatv  almve  the  oritico,  is  equal  to 
tb«  pKasore  outitide  Uie  orilice;  or  if  etilax  ocmtinue 
oiMlar  meh  orcuinstaacea  it  can  only  do  eo  by  the 
aAnliion  of  babbUe  of  air.  This  explains  the 
I  of  taitt*poga. 
PipetU, — ThiJt  is  n  gtowt  tube  (Vig.  171)  open  at 
I  cads,  and  tpniiinfltiii<>  l>vlow  in  a  Hinnll  taper* 
•pouL  If  water  be  introduced  into  the  tube, 
tither  by  aspiration  or  by  direct  immersion  in 
water,  and  if  the  upper  end  bo  closLtd  with  the 
ABgvr,  tlie  efflux  uF  thii  liquid  will  ovasc  almost 
tiMtanily.  On  admitting  tlie  air  above,  the 
diiti  will  begin  again,  and  can  again  be  stopped  at  pleasure. 

Tim  Moffie  Funnel. — This  funnel  la  double,  as  is  shown  in  Fig. 
171    Near  the  handle  is  a 
■all  opatuitft  by  which  tlio 
\.f*tt  botwMn  the  two  ftin- 
Mil  eotninuniaatas  with  tho 
I  «nemal  air.    Another  open- 
'^T  oonnecte  this  same  space 
■Hh  the  tube  of  tbe  inner 
'nnneL    If  the  inU-rval  he- 
^•«a  thf  two  tittmels  ba 
ttUd  with  any  liquid,  tliia 
,  ^oid  will  ran  out  or  will 
to  tlnw   according  as 
^Iqiper  hole   is  w]ien  or 
The   opeiting  and 
I  dainf  of  the  hole  can  y-e  ea-tily  eifect«d  with  the  tliunib  of  the  hand 
floUiBf  the  fnmiel  M-itliout  the  knowledge  of  tlio  iipeotator.     This 
Idrriee  has  U-i-n  known  from  very  early  times. 


rif.  iTu-nptu* 


nc.  in— lUllcrnnnal. 
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The  Lnstruincnt  ntay  be  tiaed  iii  a  atill  morv  curiuus  tuanner.  For 
ataa  purpose  the  apace  inside  is  secretly  filled  with  bighly-ooloored 
wine,  which  in  prevented  fi-om  escaping  by  closing  the  ojicning  above. 

Water  is  then  poured  into  thu  central  Euunel,  and  i«capes  eithor 
by  itself  or  mixed  with  wiao,  according  as  the  thumb  clouM  or  oputu 
the  orifice  fur  the  adini-stioa  of  air.  In  tJie  ixsoond  case,  the  mt«r 
being  oolourud  with  the  wine,  it  will  appear  that  wine  alotw  u 
bBoio^  from  the  funnel;  thus  tlie  operat^nr  will  appe«r  to  have  the 
power  of  making  either  water  or  wiae  Sow  frmn  tlie  veBsel  at  tm 
jieaaiTe. 

Tke  Inexhauatii/le  BoUU. — Tlie  inexbauittlble  buttle  (Fig.  173)  i« 
a  toy  of  the  same  kind.     It  is  an  opaque  bottle  of  shwt-iruD  ur 


g;utta-percha,  containing  witJiin  it  (Ive  small  vials.     Tht-Ke  ootntuu 
cate  with  the  exterior  by  five  small  huW,  which  can  bw  cloiwd  by  I 
five  fingers  of  the  hand.     Each  vial  has  al.«o  a  miiilII  iK-ck 
pMMS  ap  tlHi  large  neck  of  the  bottle.    The  live  vials  are  tillod  «i ' 
five  diflcrciit  liquids,  any  oue  of  which  can  bo  poured  out  at  plea—*! 
by  uncovering  the  correHjwnding  holot 

S70.  lutermttteut  FoimtaiD. — The  intermittent  fountain  b  ■ 
apparatus  analogous  to  the  preceding,  except  titat  the  interroptkai 
in  the  efflux  are  produced  automatically  by  the  actitia  of  tlie  initn> 
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It,  without  the  iiitvrvvnUuii  of  the  opentur.  It  ooa<ii»t8  of  a  globe 
I V  (Fig.  174),  which  can  he  clowud  air-tight  by  uiwins  of  a  stoppar,  and 
b  in  commuiiicatioii  with  efflux  tubca  u,  which  liUcharge  into  a  liusin 
B,  hAviog  •  anudl  hole  o  in  itti  bottom  for  permitting  the  w&t«r  bo 
eaope  into  •  lower  basin  C. 
A.  eaoUal  lube  (,  opvn  at  both 
Mida,  extend.1  nearly  to  the  top 
uf  tho  globe,  and  nearly  to  tho 
bottom  of  the  ba^in  & 

Supposo  the  globe  to  be  tilled 

witl)   water,  tlie  bMios  being 

tcnpiy.     Then  the  wat«r  will 

flow  from  th«'  efflux  tubw  a, 

while  air  wilt  paM  up  through 

lb«centnil  tube.    Ait  the  water 

iBsee   from    the  efflux    tubvn 

moch   Easter    than   it  e8ca[>e.t 

l/irough  the  opening  o,  the  level 

ijsea  in  tlie  basin  B  till  the 

,1     fa^rg  end  of   tJiQ   tuU-  (  i» 

Hl»v-«nd.    'Yht  prmHuro  of  the 

^Bir    in  the  upper  part  of  Uic 

H||U>l)Q  tben  rapidly  diminiHbi.'n, 

uid  tile  efflux  from  the  tubes 

0  *»  rtopped.    But  as  tho  water 

*m&41dimi  to  escape  frnm  tho 

"^iriii  B  tlirough  tlio  opening  o,  the  bottom  of  the  tube  1  is  again 
'WtPoranid,  the  liquid  again  iiwues  from  the  afflux  tubea,  and  the 
"^ttii  ehaagea  ai«  repeated. 

371.  Siphon. — The  siphon  is  an  instrument  in  which  a  liquid, 
o&der  ih«  cunibtDed  aciioo  of  it«  own  wi'^ight  and  atmospheric  pim- 
'"■n^  fiowa  fint  up>liill  and  tlteo  dowo-bill,  but  always  in  such  a  way 
^  to  being  about  a  lowering  of  tlie  centre  of  gravity  of  the  whole 

lk|Bkl  D1BS9. 

,1a  ita  siiupWt  form,  it  consists  of  a  bent  tube,  one  end  of  which 

in  the  lt(|uid  to  be  remuTod,  while  the  other  end  either 

les  into  the  air,  at  a  lower  level  tliiui  the  surface  of  Uie  liquid 

il  llw  v«Mel.  as  in  Fig.  175,  or  dips  into  the  li(|uid  of  a  receiving 

vmmI.  the  surface  of  thb  Uquid  being  lower  than  tliat  of  the  liquid 

JB  tlie  diacjiarging  timmL 
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We  shnll  discuss  thv  latter  ca«e.  and  nhnll  dcaote  the  difieranoe  of 
levels  of  the  two  surfaces  by  A,  wtiile  Uic  height  of  a  column  of  the 
liquid  equivalent  to  atmospheric  pressure  will  be  denoted  hy  H, 

Let  the  siphon  be  full  of  liquid,  and  tniagine  a  diaphragm  to  be 
dnwn  ocrOKS  it  st  any  point,  so  aa  to  prevent  flow.    Let  this  disr 


PlK  m.-«l|iHiL 

phngm  b«  at  a  height  k  above  the  hi^la^r  of  the  two  free  i 
and  at  a  height  jf  above  t]ic  lower,  so  ttiat  we  liave 

Hw  prttonre  on  the  side  of  the  diaphragm  next  the  higher  fre* 
tote  will  be  H  —  IT,  (pressure  being  exprefiscd  in  t«niis  of  thf  p<|ui' 
lent  liquid  column,)  and  the  pressure  on  the  othu-  aide  of  ibn 
phragm  will  b«  H  ->  y,  which  is  less  than  the  former  by  jp  —  «. 
i»  by  A,    Thv  diaphragm  tlierefore  experiences  a  reaultiuit  foroe  (t** 
to  a  depth  h  nf  tlie  liquid,  nr^ng  it  &x>m  the  higher  to  the  lower  trw* 
tnirfaoe,  and  if  the  diaphragm  be  removed,  the  liquid  will  be  pr^ 
pelted  in  this  direction. 

In  pmetit'v,  the  two  legs  of  the  siphon  are  usually  of  Qlie(|ill 
lent^tli,  anil  the  flow  is  from  the  shorter  to  the  longer;  but  thia  ia  bf 
00  meana  eaHontial,  for  by  a  aufficimtly  deep  immersion  nf  the  luaf 


tox. 


S33 


of  flow  may  bo  rtvenMjd.  The  direction  of  iiow 
lot  oo  th«  leogthit  of  Uie  legs,  tmt  on  tho  levels  of  the  two 
cea. 

Liquid  in  the  dischar^og  ve&sel  falU  l>olow  t]ic  ond  of  the 
if  the  siphon  is  lifted  out  of  it,  air  enters,  and  the  siphon 
lately  emptied  of  liquid.  If  the  liquid  in  the  receiving 
wmovod,  BO  tltat  U)c  diBcliftrpn;;  end  of  the  siphon  is  eur- 
Dj  kir,  u  in  Uie  figure,  t)ic  flow  n-ill  continue,  unleas  aii 
p  iht  tube  and  bre«ka  the  liquid  oolumn.  Thia  intcrrup- 
•eeially  liable  to  occur  in  large  tubes.  It  can  be  prevented 
ig  the  end  of  the  siphon  round,  bo  as  to  discharge  the 
aa  ascending  diret-tion.  To  adapt  the  foregoing  inveeti- 
the  eiM  of  a  siphon  diischaiginf;  into  air,  we  have  only  to 
the  level  of  th<)  diurharging  end  for  the  level  of  the  lower 
oe,  M  that  y  will  denote  the  depth  of  tlie  discharging  end 
diaphrngm,  and  A  ita  depth  below  the  surface  of  the  liquid 
»  be  drawn  off. 

Moent  of  the  liquid  in  the  siphon  is  due  to  atmoepheric 
ro  the  upp«r  f  reo  mir* 
i  Dceenary  Hint  the 
oint  of  the  siphon  (if     ^  . 
for  water)  should  not   '.wi 
than  about    38   feet 
I  siirfaco. 

iurttnf  the  Siphon. — In 
make  a  uphon  begin 
wv  mu«t  employ  means 
with  the  liquid.  This 
tinies  be  done  by  dip- 
1  the  liquid,  and  iht-n 
L  in  position  whili'  the 
k«pt  ekaed;  or  by  in- 
ne  eod  in  the  liquid 
>  wi;«h  to  remove,  and 
■t  the  otiier.  It  is  usu- 
g  conwnient  to  apply  suction  by  means  of  a  ude  tube, 
Iff.  176,  this  tube  being  sometimes  provided  with  an 
ent  to  pn.'v«nt  the  liquid  from  entering  the  mouth.  One 
14  aipbon  '»  inwrtod  in  the  liquid  whicli  is  to  be  removed, 
I  othw  end  is  stopped,  and  the  operator  applies  suction  at 
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EPrLUX  or  UQUIOS.— ToajUCELLTS  THKOEKM, 


to     CMBfK- 

rrt  bmwb  ■ 
behiofll 


fflf  ITT.—Kphon  for  8<>lpt>ni*«  Acll. 


Uie  aide  tube  till  the  liquid  flown  over.    la  siphons  for  oomi»eTd*t 
purposes,  the  ituction  is  usually  produced  by  a  piuop. 

273.  Siphon  for  Sulphuric  Acid. — Fig.  177  represents  a  eipboo  used 
for  transferring  sulphuric  acid  from  one  vescol  to  MtothBr.  Hm 
long  branch  is  firet  tilled  with  sulphuric  acid.  This  is  «ffiicUd  bf 
means  of  two  funncU  (which  caa  be  pluggvd  at  plouun)  at  tbe 
bead  of  Uie  tuim.  One  of  tlicse  admits  the  liquid,  and  the  otber 
nifibn  lb«  air  to  esoape.     Th«  two  funni.-b  are  then  closed,  and 

tbe    tap  at    the    lower  end 
of  tho  tubu  is  opi-nvd  bo  as  to 
allow    tJio    Ittpiid    to   CMapc 
Hie  air  in  tbo  Hliort 
fiiUowB  the  acjil,  and 
rarefied;    tbe  acid 
lira,  and  if  it  pnsscB  tbe  bend, 
the  .tiplioQ  will  bu  etartod,  far 
each    portion    of    tbe   ll^lU 
which  issues  &om  tbe  tube  viB 
draw  an  i>qual   portion  tnm 
tlio  idiort  to  the  lung  brukchi 
To  insure  the  working  of  the  sulphuric  acid  siphon,  it  is  not  mC - 
dent  to  have  the  vertical  heiglit  of  the  long  laanoh  greater  than  tlm 
of  the  short  branchy  it  is  forthur  necessary  that  it  should  tgcoesli 
certain  limit,  which  depends  upon  tbe  diniuiuioiui  of  the  sipboo  b 
each  particular  caao.    In  order  to  calculate  this  Uiiilt,  we  taa* 
remark  that  when  the  liquid  begins  to  flow,  its  hcii^bl  diiainiahii it 
the  long  and  increases  in  the  short  branch;  if  thuee  two  bdjlft 
should  become  equal,  there  would  be  equilibrium.     Wo  aee.  lbs. 
tliat  in  order  that  the  siphon  may  work,  it  la  neceasaty  that  vte 
tbe  liquid  rises  to  tlie  bend  of  tlie  tube,  there  should  be  in  tbe  bV 
branch  a  column  of  liquid  whosu  vertical  height  is  at  least  equti  tt 
that  of  the  short  bnuidi,  which  we  shall  denote  b}'  A,  and  tbe  acini 
leagtli  of  tlie  short  branch  from  the  suiface  of  the  liquid  in  vUdt 
it  dips  to  the  summit  of  the  bond  by  A'.     Then  if  a  Ui  the  indiw 
tJon  of  the  long  branch  to  the  vertical,  and  L  the  length  of  the  In( 
branch,  which  we  suppose  barely  sullicicnt,  the  length  of  tlie  ooIubk 
of  liquid  remaining  in  the  long  branch  will  bo  A  sac  a.     Tbt  tk 
whieb  at  olmcepheric  pressure  H  occupied  the  length  A',  now  nais 
the  pressure  H  — A  occupies  a  length  L- A  see  a:  henoe  hy  BojrWi 
law,  we  have 
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I  tliis  fomiiila  B  dtrnotiM  the  height  of  a  coluiua  of  sulphuric  acid 
wtwae  pruwurv  cjuoL)  tliAt  of  the  atmospliero. 

274.  Cup  of  Tut4lafl.— Thu  siphon  may  be  employed  to  produce 
thfl  internutt4-nt  Duw  of  »  liquid.  Suppose,  for  itwUuicc,  that  we 
h»v»  »  cup  {Fig.  178)  in  whidi  is 
ft  bent  iuiw  rising  to  a  height  n, 
wtii  vHlb  the  short  branch  t«rmi- 
mUisg  neiur  the  bottom  of  the 
eop,  while  th«  long  braodi  passes 
throagh  the  bottom.  If  liquid  bo 
pooled  into  the  cup,  the  level  will 
gimdoallj  ti&e  in  the  short  branch 
iif  tlte  bent  tube,  till  it  readies 
the  raiDiiut  of  the  bead,  when  the 
•tpbon  will  begiD  to  discharge  the 
iMjoid.  If  the  liquid  Uien  escapeti 
tiy  the  siphon  fa»>ter  than  it  is 

(KiuriMi  into  the  vessel,  the  level  of  the  liquid  in  the  cup  will  gradu- 
tlly  fall  bulow  the  termiruition  of  the  shorter  branch.  The  siphon 
vill  dieo  emp^  iteclf,  and  will  not  rMommunco  its  action  till  the 
liquid  haa  again  risen  to  the  luvul  of  Ihv  l»-nil. 

Tba  si[J)on  maj  be  concealed  in  the  interior  of  the  figure  of  n 
I  na  whoH  moath  is  just  nlxivi'  tlie  top  of  tJie  siphon.     If  water  Ynt 
ftsmd  in  vety  slowly.  It  will  rontinually  rise  nearly  to  his  lips  and 
I  Am  dsteeml  again.    Hence  the  name.    Instead  <^  a  bent  tube  we 
'  *^  smploy,  aa  in  the  first  figure,  a  straight  tube  covered  by  a  bell- 
^Isft  open  below;  in  this  case  the  spaeo  between  the  tube  and 
tlaUO  lake*  the  place  of  the  shorter  leg  of  tJie  siphon. 

It  is  to  an  action  of  this  kin<i  that  natural  intenuittent  springs  are 
^mlty  attributed.  Suppose  a  reservoir  (Fig.  171>)  to  communicate 
*)tl  u  outlet  by  a  bent  tube  forming  a  siplioa,  and  suppose  it  to 
^  tsd  by  a  stream  of  wat<.-r  at  a  slower  rate  Uian  the  siphon  is  able 
I  (t&chiirge  it.  When  the  water  ha-t  readied  tlie  bend,  tlie  aiphon 
■9  bnome  charged.  oikI  the  rcnvrvoir  will  be  emptied;  flow  will 
'  AvcraM  until  it  iH-comos  diargod  again. 

175.  Xariotta's  Bottle. — 'l*his  is  an  apparatus  of  ten  employed  to  ob- 

lUJD  a  uniform  tlow  of  water.     Through  the  cork  at  the  tup  of  the 

tIalFiff.  lS0>pae8efia8traichtvertii-al  tubftoponatbotli  ends,  and 
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in  one  side  of  tlio  bottle  nenr  tb6  bottom  is  a  second  opening  fun^ahed 
with  s  boriEonUl  efflux  tube  6  at  a  lower  level  than  the  lower 
«od  of  the  vertical  tube.  Suppose  that  botb  tbe  bottle  and  tJie 
vertical  tube  arc  in  tbe  first  instance  full  of  wat«r,  and  tbat  the 
efflux  tube  is  tbcn  opened.  Tlio  liquid  flows  out,  and  tbe  vortical 
tabe  ia  rapidly  emptied.  Air  then  enters  tbe  bottio  through  the 
vertical  tube,  and  bubbles  up  from  itn  lower  end  a  through  tba 
liquid  to  the  uppej:  part  of  the  bottle.  As  noon  as  tiu»  procaw 
begina,  the  velocity  of  effiux,  which  up  to  this  point  haa  been 
rapidly  diminishing  (as  is  shown  by  the  dimiruBh^d  range  of  Ibe 


wit.  lt>.-latHHltlntl|ita» 


jet),  becomes  constant,  and  continues  so  till  tlie  level  of  the  Itii'' 
has  fallen  to  a,  after  which  it  again  diminiflhea.     During  the 
of  coiistant  flow,  tlie  velocity  of  efflux  is  that  due  to  the  hetgh*  <*  I 
a  above  b.  and  tlio  air  in  tlie  upper  part  of  the  bottle  is  at  Itw  tb« 
atmospbene  pressure,  the  difference  being  measurod  by  the  hej^ 
of  the  rarface  dT  the  litjuid  above  a.    Strictly  epodcing.  dam  Hi 
air  cntun  not  io  a  oontinuous  struain  but  in  bubblea,  then  tnuat  W 
alight  caoiUatiooB  of  velocity,  keeping  time  with  the  bobbles,  btf 
thfff  •"  aoarccly  perceptible. 

Instead  of  the  verUcal  tube,  we  may  have  a  second  opening  in  At 
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I  td  the  bottlt',  At  a  higher  Icvtsl  ttian  the  6nt;  aa  shown  in  Fig. 
IM.     Air  wi|]  eaUti  Uiroiigh  thu  pipu  a,  which  is  fitted  in  thiii  upper 
opeuing,  ui<l  th«  li(|uid  will  issue  *t  the  luwur  pipu  b,  with  a  coimtant 
velocity  duo  to  the  height  of  a  above  6. 
UftiioUe's  bottle  is  sometimes  used  m  the  taborabory  to  produce 


(lie  onifonu  Sow  of  a  gas  by  employing  the  wat«T  which  eecapea  to 
tipal  the  gas.  We  may  al«o  dravt-  in  \^  through  tlie  tubo  of 
Xaifatto's  bottle;  in  Uiis  c4i»o.  thu  tluw  of  the  footer  is  uniform,  but 
(Iw  flow  of  tbv  gaa  a  oontinuftlly  iicvulemted,  lunco  the  spAoe  occupied 
by  it  b  the  bottle  tnci«asea  unifonuly,  but  the  deniuty  of  the  ga»  in 
^»  aptee  oontinuatly  increases. 


EXAMPLES. 


Pia4u.>u>0K4if  or  TxLActnu,  akd  PAaALLZLoauii  op  Foitcsa. 

1.  A  ihtp  Mik  Uvoogh  til*  wBtMT  at  Um  rata  of  10  milM  p«r  hour,  ttiid  ■  ball 
nDp  aena  tlie  Uedt  in  »  diircUon  pevpcndiciilar  U>  Uw  coune,  at  tlio  ume  rftt«. 
Had  tb*  vdodtj  of  ihe  bkll  mlatire  to  tli«  wfttar. 

S.  Hi*  wiad  blow*  from  t,  point  inUnn«diat«  b«lwMdi  N.  ncd  £.  Hie  uor- 
thaiij  mnspoBcnl  of  ju  rvlocity  U  &  Diilm  pec  Uour,  ft&d  tlw  ewitetlj  oompouent 
i*  19  miloB  |i«r  bour.    I'lDd  tlie  toUl  velocity. 

3.  Tbn  vind  u  Uowing  dw  N.E.  with  »  rdodtjr  of  10  milM  ftn  hour.  Find 
iIm  ■urtberiy  umI  Mat«rl7  oonpoDenta. 

4.  Two  forces  of  fl  »Dd  8  nnilN  tuA  upon  «  body  in  lioM  whicb  meet  ta  a  point 
&a4  >rr  >t  rigltl  BBgliN.    Find  tba  ii)iigiiitiid«  of  their  rMiiltMiL 

A.  Two  cqunl  foma  of  100  nnita  act  upon  &  liod,V  iu  liuta  wliicb  meet  in  « 
pitot  aitd  are  »t  rijilit  anjtlea.     I'itid  the  mngnitnde  of  their  roaultant. 

&  A  fbra  ct  h>0  oniu  acta  at  an  indination  of  40*  to  tho  faorisoo.  Btaolve 
Ic  lato  a  borixnUJ  and  a  rettlcal  oomponeat. 

T.  Two  equal  foreoa  act  in  line*  which  meet  in  a  point,  and  the  iuikIc  bctwcon 
dinacttOM  Pt  IVf.    Sliow  that  th«  multniit  in  tqaal  to  oitlier  of  the  forcua. 

5.  A  bed;  ia  puUod  north,  soulh,  east.  Bud  wut  by  four  Hiring*  wbtiae  diree> 
laet  IB  a  point,  and  the  foeoM  of  tonaion  in  the  (trinjti  are  equal  to  10,  tC, 

90^  nikd  39  lb&  weight  raapecUT*];.    Show  that  tli«  reeiiltant  t*  equ&J  to  13  tba. 


9l  Tire  equal  force*  act  at  a  point,  in  one  plaoe.  "nie  angle*  bctwe«n  the  Atst 
■ml,  between  the  aeooad  and  third,  between  the  third  and  fourth,  and 
fartwcoi  the  fourth  and  ftflfa,  are  each  60*.    Find  their  rt«ulbuit. 

lO.  U  I  be  tha  angU  hetwwo  the  direction*  of  two  foroca  P  and  Q  acting  at  ■ 
(kobrt.  and  R  bt  their  ramltant,  ahow  that 

E»=r»  +  Q'  +  SPQo»(l 

U,  Show  that  the  rMoltant  of  two  equal  foroca  P,  actiim  at  an  angle  t,  » 
CPonalA 

Paxaixn.  Po«cks,  axd  CuiTaB  or  GaAnrr. 

lO*.  A  ttnigfal  rod  10  ft.  Ion;;  i>  mpinrted  at  a  point  3  ft.  from  one  end. 
Wkat  wal|ht  bung  from  Ihii  end  will  !>•  mipportcd  b^  13  lb*,  hung  from  the 
Mfcar,  tha  wnjibt  of  the  rod  being  neglected  t 

'       U*.  W)>i|[ht»  of  IS  and  !0  Iba.  are  bong  from  the  two  enda  of  a  atrajght  rod 
IB  to.  long.     Find  tha  point  abont  which  the  rod  will  balance,  ita  own  weight 
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IS.  A  weight  of  100  IIm.  i*  slimg  from  a  pole  which  raaW  «t  tlw  •hoolikaif  1 
two  men,  A  and  It.    The  dutauiM  betwe«D  the  |ioiiit<  wbure  tli«  pole  ]h«mm  ibiir 
■hoddora  U  lU  ft.,  niu)  tli«  point  vbcro  th«  weight  ta  dung  u  4  fk  tram  the  pccU 
where  the  i>ole  presees  on  A'»  shoulder.    Fiod  the  w«ighc  born*  by  oadi,  Ih* 
weigiht  ctf  tbo  pole  being  neglected. 

13.  A  anifarra  atnught  l«ver  10  ft  loii{(  hnla&oea  at  a  point  3  ft.  frucn  one  aud, 
when  IS  11m.  nil  huug  from  this  end  And  nn  unknown  weight  from  the  oihir. 
Ttie  lever  iteelf  weighs  8  lbs.    Find  the  uukuowu  weight. 

l-l.  A  stnught  lever  6  ft.  lon^  weigh*  10  lb*.,  atid  it*  centre  of  ;;Tsvitj  »  4  tL 
from  one  eud.  Wliat  weight  at  thin  end  will  mipport  SO  Ibe.  at  the  odiw,  when 
tile  leror  i*  anpportcd  ot  1  ft.  iliiUnoe  from  the  hitter  I 

10.  Two  equal  weighUi  of  lu  lb«.  each  ua  hung  one  at  each  end  of  a  atraiglA 
lev«r  6  ft.  long,  which  weJgha  S  the.;  and  the  lev«r,  thna  w«lght«d,  balaaOM  almil 
ft  point  3  in.  dixtant  freon  the  centre  of  ila  kngtli.    Find  ita  centre  o(  gt%ritj, 

lA.  A  aniform  lover  lU  ft.  long  balaooM  aboot  a  point  I  ft.  from  ana  aod, 
when  loaded  at  tliat  end  with  50  Ibe.     Pfnd  the  wei^'ht  of  the  lever. 

17.  A  Rtnught  lever  10  ft.  lon(t,  when  unwcigbled,  tmUocei  about  a  point  t  fL 
from  one  end ;  but  when  loiuled  with  80  lb*,  at  this  eoid  uuJ  4  Hm.  at  tlie  otha; 
it  bahuice*  about  a  poiut  3  ft.  from  tlie  end.    Ptud  the  wedght  of  the  lev«r. 

l!^.  A  lever  i>  to  be  eut  tnan  a  t«r  weighing  3  Iba.  per  ft  What  Bitwt  be  Ih 
length  Ihat  it  may  balance  about  a  point  S  ft.  from  one  end,  when  wefgfaiad  ■! 
this  end  with  50  lba.t  (The  eoluUun  of  tbia  queatioD  involvea  a  quatlratte  tqm- 
lion.) 

19.  A  lever  la  RUpported  at  ita  eeatre  of  gravity,  whidi  Is  neM-or  to  ooa  «i4 
than  to  the  other.  A  weight  P  at  the  ahorler  aim  ia  baUnoed  b^  3  Hk  at  tW 
longer ;  and  tbc  kuuo  weight  P  at  tlio  longer  arm  ia  balaowd  "by  18  llai  at  lie 
thoner.    Find  P. 

3D.  Weighta  of  S,  3,  4  and  ft  Ibe.  are  bung  at  pointa  diatant  reapeotivctjr  1,1 
3  and  4  ft.  from  one  end  of  a  lover  whoae  weif^t  may  be  Mi^eoted.  Tiai  lb 
point  about  which  the  lever  thus  weighted  will  ^■*'">*t  (Tlib  M>d  the  Uk^ 
quvetiona  are  beet  aolved  by  taking  momenta  nnnd  tlw  end  of  the  le*rr.  1l> 
■ma  of  tbo  momanti  of  the  four  weighte  ia  eqnal  to  the  monent  o(  their  W^ 
lanL) 

31.  Solve  the  preceding  question,  auppoalng  the  lever  to  be  ft  ft.  loa^  adtl^ 
and  weighing  S  Iba. 

3S.  Find,  in  poaltion  and  magnitude,  the  reeultant  of  two  paiwQel  and  1f^ 
•itely  directed  forow  uf  10  and  12  unita,  their  lines  of  action  being  I  yaid  ^^ 

23.  A  etraight  tever  without  weight  ie  tctcd  on  by  four  |>aiidi«l  loraaMA* 
toUowing  diauuces  from  one  end : — 


I 


At  1  ft.  a  Urn*  of  3  uaita,  acting  uiumdi. 
At  3  ft.,        .         S     „  dowaowda. 

At  1  ft.,        „         t     „         ^      ujwanla. 
At  i  fl,       .        B     „  dowwwaidfc 


Where  must  tba  fokram  be  phwed  that  the  U*er  nay  be  Id  A^itiUUn^Ml  | 
what  will  be  the  pnaaure  againat  the  fulenunl 

34.  Aatrnigbt  lever,  toniii^  frwelyftbont  an  uia  at  om  aoil,  ia  ncMd  ■  l|j 
four  parallel  force*,  nuaaly — 
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A  dtmwMd  (aitw  of  3  tl«.  at  1  it.  fruiii  uik 
A  danWBrd  fora  ul  I     „      ilu         „ 
An  apvxd  (ovm  oI    1     ,      3  ft.        ^ 
An  utnratd  ton*  (i<    0     «      1  ft         „ 

ti«  w«igUt  of  tbt>  laTsr  tlut  it  nuy  bo  in  aquUibrium,  ite  centre  of 
gnmjr  Mag  3  ft,  from  Uie  »xi«T 

fl9>  la  •  jiair  o(  nttt-crtckcn,  tlic  nut  i«  plnccd  one  iiieU  from  the  litn^  nnd 
tt«  hand  ii  a|i|ilied  ftt  •  ilUteuo*  of  six  iDcko*  from  iha  liiuge.  Huw  Diucb 
praHm  mwi  Im  aiipUud  by  tha  kuxl,  If  tliu  uut  tvquin*  *  (irauniv  cJ  ia  Ilw.  to 
bnKk  It,  un>l  wlut  will  be  tlia  Amount  of  the  praaure  on  the  hingMt 

90.  In  tli«  mmItmiI,  if  tli«  borixaaUtl  dittaDM  batwMii  tb«  fulcnim  juid  the 
tayflMHige  which  MppoHa  the  bodir  w#igli«d  be  3  in-,  and  th«  moTkblf  weiglit  be 
7  fhtL,  bvw  Hr  nuwt  tbo  Utter  be  >biftcd  for  u  diSereucv  uf  1  IK  id  the  body 

SI.  Tlw  luad  of  a  Ittmaer  weig^  90  Ifai.  and  tlie  handle  i  Ibe.  The  dWanoe 
between  their  reapeetive  cectRe  ot  gravity  in  3-t  iiicht^  Find  lh«  divtanoe  of  tlwr 
untra  uf  gnritf  <if  the  baBimer  fmra  tlint  of  tho  hood. 

SS.  One  of  the  four  triaiigl«  iuto  which  a  Htiuare  ia  diTidwl  hj  \U  diAgoiiaJs  ia 
wo  fad.  Find  Uw  dictanoo  of  the  oontre  of  gravity  ot  the  renuiuder  from  the 
fcl—eatliM  of  tbo  diagoBaia 

IK  A  aqnre  t>  divided  into  four  (N)ual  equarea  and  one  of  tlieaa  ia  removed. 
Fta4  the  ■'t««-itf^  of  the  omtrc  of  gmvity  of  tile  ivuiAiiiiug  portion  from  the 
•Mn  ot  tlm  urii^nal  aqaan. 

kl.  Find  the  oentre  of  gnrily  of  a  apfaere  I  decimetre  is  tadini^  having  in  ita 
Mmnr  a  apberieal  ezQaraiiun  who«o  oentre  t«  at  a  dtaiaiieu  of  5  oenttia»trM  from 
ih*  e«Btfa  of  tbo  Urge  aplMva  and  whoaa  n^liiia  ia  4  euntinietrcB. 

a.  Wdgbia  P,  Q,  B,  S  are  hv&g  fix-m  tbu  oomera  A,  B,  <^  D  of  a  unifomi 
gan  pUto  who*«  vnN^t  ia  W      Find  tlie  diotanow  from  Uie  aidee  AB,  AO  of 
1 4ipitit  aboal  whkli  the  plate  wilt  baJanca. 

&  An  laoeodee  triangle  Mauds  upon  ou«  aide  of  a  aqture  aa  hoar,  the  allitude 
dlWlruD|,ia  beiJi^  equal  loaaide  of  liic  aquare.  i^how  that  tlio  diHlnnw of  the 
■ate  if  Uia  whole  figure  from  the  oj^waite  ajdeot  the  aqoaie  U  {  of  a  aide  of  tlic 


B.  A  right  oobo  ■taiuU  upon  one  end  of  a  right  cylinder  aa  baae,  the  altitude 
dlbone  beini;  equal  t«  the  heifcht  of  thocylindor.  Show  that  the  diatonoe  of 
I^MMn  of  the  whole  volume  from  the  oppoeite  end  of  tlia  <7lJnder  ia  }}  of  the 
Mlaflbocyiinder. 


WonK  asm  Stjibilitt. 

k  body  coaiaiata  of  thr«e  piMca,  «h»e  nuMwa  are  aa  the  numben  I,  3,  9; 
l  Ai  emtroa  of  theao  maaK*  are  at  height*  of  S,  3,  and  2  vm.  hImvo  a  certain 

FIdJ  the  height  of  tho  oentre  of  the  wlwle  man  above  Uii*  leT«-l, 
13.  Tho  Imjy  abovB-mectMiied  la  moved  into  a  new  potdtiou,  ia  which  the 
I  hHfbk  nf  the  oaatn*  ef  the  thtso  maMea  ara  1,  3,  and  7  on.     Find  the  new 
f^ifht  af  Iha  omlre  of  tbe  Whole  ma». 

J&  Ftod  the  woak  doue  agaiiut  tintvity  iu  moving  tli«  body  (rom  the  ftnt 
I  Ittto  the  Moood  1  oniployiiix  a*  tlie  unit  of  work  tlio  work  done  in  imiaing 
t  awaUiwt  of  the  tkr««  piiOaH  throii^  1  <m&. 

U 
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3T.  fuwl  tlio  portion*  of  IhU  work  dou  in  moving  Mch  of  lU*  tkn*  pitaat 

3S.  Tbe  <l)meoBtoai8  of  a  reotangaUr  block  of  Mon«  of  welgtit  W  an  AB  *  a, 
AC  =  b,  Ai)  m  e,  and  the  tdgm  AB,  AC  are  uutialtjr  horiaootaL  IIow  tnwh 
work  b  don*  against  gniTitjr  in  tiltiiig  the  «tom  round  th*  tdg»  AB  oniil  tl 
lalaaoei. 

3V.  A  duin  of  weight  W  and  length  J  hani^  freely  bj  ito  apper  «ikI  which  it 
attacbad  to  a  dram  npon  which  tho  cbain  oui  be  wonnd,  the  diameter  of  Um  dnn 
being  uull  eom|Nure>l  with^  Compute  the  work  donea9iUu>tgTavit<r  in  wisdim 
up  two-tliirdji  of  the  cltatn. 

40l  Two  ei^iMl  luid  nimtliu-  oylindrioU  ve«ela  with  their  baaea  at  the  eanr 
lerel  contain  water  to  tlie  respective  heights  A  and  H  ceatimetne,  the  area  of 
either  bow  being  a  aq.  cm.  Find,  in  gramme-Mntimetra,  the  work  done  \ij 
grarity  in  eqiiallring  the  lonJj  when  the  two  veaseht  are  oanntctcd. 

41.  Two  foToe*  acting  at  the  ends  of  a  rigid  rod  wiihont  weight  eqaiUbnie 
eMch  other.  Show  Uiat  the  eqaUibrinm  ii  atable  if  the  fofcea  are  pnlling  ovtwwdi 
and  nnalable  if  they  are  puahiag  inwarda. 

43.  Two  equal  weighta  hanging  from  the  two  ende  of  a  atring,  which  pa*a 
orer  a  fixed  puUej  without  friction,  balance  one  asotlter.  Show  that  the  eipdK- 
brtum  ia  netitnd  if  tli«  xtring  is  without  weight,  and  ii  nnaUble  if  the  •Uing  ■ 
h«»y. 

43.  Show  that  a  uniform  hemisplicre  reattng  ooi  a  horiaontal  plane  hae  tm 
poaitloQB  of  itable  equilibrium.    Has  it  any  pooitiona  of  unstable  e<iailibeiiud  I 


Isct-msD  Plaxe,  Ac 

44.  On  an  iudined  plane  whoae  height  is  |  of  ita  ku^ith,  what  power  KUai 
parallel  to  the  pbme  will  saMain  a  weight  of  118  lb*.  rMttng  on  the  )4aae  witM 
friction) 

45.  The  height,  baae^  and  length  of  an  tncUned  plane  ar*  as  the  nmalNn  i 
4,  &.  WbM  wMgbt  will  bo  snelainnd  on  the  phae  without  friction  by  a  fcmiit 
100  Iba.  acting  (a)  p&nll«l  to  the  base,  (6)  paraUel  to  the  pbuier 

46.  Find  the  mtio  of  tiip  power  applied  to  the  preMnuv  produoed  tn  a  wie- 
preaa  wi^oot  friction,  tlie  power  being  applied  at  tho  distance  of  I  fL  fraa  h* 
axis  of  the  screw,  ukI  the  dlntanoe  between  the  thiwula  being  i  in. 

47.  In  the  nyBloin  of  pulleys  in  which  ono  oord  pojvca  round  all  the  { 
its  dtllsnnt  portion*  being  pandlel,  what  power  will  suttain  a  weight  of  tM)  I 
wfllioot  fHction.  if  the  namber  of  cords  at  the  lower  block  ba  61 

48.  A  bahuiee  luw  unequal  arms,  but  the  bmm  r>— omen  the  borinoatal  p^ 
when  both  aeale-pam  are  unpty.    8bov  that  If  the  twoappuoit  wejgtorf  *J 
body  an  obon-red  when  it  is  pbused  first  In  oae  pan  and  then  in  the  oHm,**  | 
true  weight  will  be  found  by  multiplying  theae  Ingethar  and  takii^  the  i 
root* 


FoME,  Mass,  axs  Vmuxm, 
n*  mNm  U  mffmd  to  h  fwUNseer. 

49.  A  foma  ot  1000  djnee  acting  on  a  eertaln  bum  for  one  aeoond  gl*«  il  • 
vrioelty  of  90  mt.  per  se«'.     Find  the  inaai  in  graaimea. 

Ml  a  oOBttant  foroe  acting  on  a  nasi  of  IS  ffm.  for  one  asc.  gives  U  a 
tt  6  CBL  per  eeo.     Find  tho  force  In  dynea. 
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Al.  A  tarn  of  490  djnc*  acta  on  n  mam  «f  70  gia.  for  OM  Mc    FimI  Oie 

U  In  tbe|««ccdti>Keuuppl«,if  tbetineuf  aaU«n  beincrtnocd  t«l>iwc^«lwt 
wfll  ha  tlw  vvlMitj  genenlod  I 


&3l  n*hat  is  tli«  tnaiDnDtam  uf  a  nam  of  15  gn.  moving  with  ft  vnlocity  ol 
tnaalfttioo  of  4  etn.  ]i«r  mc.I 

M.  Vlut  foroB,  MjUng  i)|ioa  Ui«  nwM  (or  I  t«c.,  would  produce  thit  volocily  f 
Ul  Wlwt  foro^  uliag  afioB  the  bmib  for  10  kx.,  voiild  produce  the  aana 

ML  Find  tlie  foroe  which,  acUuj;  ou  bu  imlcnuirD  nan  for  18  sec,  would  pro- 
iIm*  a  BKWxntiim  of  M. 

57.  Two  bcidiia  l&itiAlljr  at  mt  movB  towardB  mcli  othor  in  obodifUM  lo 
■■tiHl  MtnMloa.  Thdr  nuana  a»  rwpeetirelx  1  ga.  kud  100  gm.  If  lli«  furce 
4  aHia^liou  hm  f^  of  a  Ajatn,  find  Ibo  vdocitjr  aoqtiircd  b;  each  buh  iu  )  aec. 

ML  A  gtin  ia  aiwpnnded  hj  iitriiig*  m  tbiit  it  can  airtBg  frteljr,  CotnpMre  the 
nriedty  of  daKhirgr  of  the  buUvt  with  the  velocitjr  of  rccoU  of  the  gun;  the 
m»mmi  et  iJw  itiui  and  ballet  bciuic  )!>*'">  '■'^  ^^  mnaa  of  the  [lowder  beinit 

^■«»Ktod- 

Hl  a  loillet  firvd  vertically  upward*,  entvra  aiid  beooinee  imbedded  in  a  Mock 
t  d  ««od  EalltBg  ecftioallj  OTerliend ;  and  the  block  ia  brought  to  mt  by  the  ini- 
^  pM,  U  llw  velodtiaa  of  the  buUot  and  block  imineilMtelj-  bofora  coltiaioii  wen- 
\  M^Minljr  1000  and  100  (u  per  aecs  eompuv  thehr  maaaw. 


FAixtHo  Boom  AXD  PnojKiTii.cs. 

*— nifnc  that  a  falling  body  anjeire*  a  velocity  of  WU  etn.  per  lee.  by  falliity 
rl*e,fl.d;- 

*1  Tb*  Tclodty  ao^uircd  in  |\,  of  a  aeeond, 
tt-  Tbe  divianw  poaud  orer  in  |^  wc 

ft  Tbdiatanee  tkAt  a  iMxly  uwiit  fidl  to  acquire  n  velocity  of  980  tra.  per  ato. 
B  1W  Urn*  of  riaing  to  the  higbcet  point,  when  a  body  i*  thrown  vertically 
)^4  TUh  a  velocity  of  89<Kt  on.  per  see. 
h  t)M  Mgbt  to  which  a  body  will  riae,  if  tliiowa  verlicidly  npwarde  with  a 
'     F  •!  too  em.  per  mc 
I  TW  eckwity  witli  which  a  body  muet  be  thruwu  vertically  upwitnU  that 
r  riM  to  a  height  of  21X1  cm. 
K  Tke  *e^ocity  that  a  body  will  hare  after  ^  ae&,  if  thrown  veriK-ally  u|> 
"''••itli  a  T«locity  of  3U0  cb.  per  see. 
C.  Ibt  point  that  the  body  in  liuit  quBation  will  hitve  atuiued. 
%  TIm  eelodly  that  n  l«(l.y  will  Iiavo  niter  S^  •M^  if  thrown  vertically  up- 
^■Uatrelodty  uf  suicni.  tn'taec. 
tt  The  pofnt  thai  the  body  iu  Inet  qutatioii  will  Itare  ip:i('lb«<l. 
iMfag  that  a  falling  body  aoqiiirea  a  velocity  ot  32  ft.  |>er  *cc.  by  (alUitg  for 

K.  TIm  eelodty  aci|ttired  in  IS  eee. 
n.  The  dMuce  fallen  in  13  eec 
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Ti  The  dittatico  Uint  a  bodj-  taunt  Ul  to  (wqoir*  ft  vdocUj  oE  10  fc  per  i 

73.  Tbo  tiras  of  ruing  tn  tho  htglwit  point,  when  »  bodj  ■  ilirown  ntUotiSj  | 
u|>v»nla  witli  a  velocity  of  100  (t.  p«T  aec 

74.  The  U«iglit  lo  wbich  a  body  will  r\»t,  if  tlirown  rvrticaJly  upi«wds  villi  a  ' 
Velocity  of  33  ft  per  kc. 

7&.  Thv  vdlocity  witli  wkicti  a  body  uuvl  be  tlirowu  icrticnlly  upwanl* 
it  may  titc  to  a  height  of  21>  h. 

76.  Tiiv  relocity  that  a  body  will  Laro  aft«r  3  seo.,  If  llm>«ti  TOtlaJljr  op  ' 
ward*  with  n  vclooity  of  100  ft.  per  boo. 

77.  Tho  height  that  the  body  in  hut  qaoatioa  wlU  bare  Moendcd. 
7a.  The  velocity  that  a  body  will  have  aft«r  1^  Mc,  if  thrown  vertically  Anmth 

wank  with  a  Telocity  of  30  ft.  per  mc. 

79.  Hw  diMance  that  the  body  in  hut  queatiou  will  hav*  dMenbad, 

BO.  A  body  ii  thrown  horiEtiDtnlty  fioni  the  top  of  a  tower  100  m.  Ugb  wilb  I 
a  *vlocity  o(  3i^  metre*  per  kc.     When  and  iirh«n:  will  it  (trik*  tb«  graiudt 

61.  Two  bodioi  are  Muoceeeivejy  dropped  from  the aame  point,  with  an  iiil«fTri| 
of  )  of  a  aecond.    When  will  the  dintanca  between  them  be  one  netnt 

0S.  Show  that  if  x  and  y  ere  Ibe  borinMital  and  vcrtiod  o»-onIinatM  of  a  pn- 1 
Jcctile  referred  lo  the  point  of  projection  u  origiit,  their  value*  after  lime  ( an 

C  =  Vleaaa,|r>yialna-ip#, 
as.  Show  that  the  equation  to  the  tnject«ry  U 

and  that  if  V  and  ■  oan  be  varied  at  pleaKim,  the  projectik  can  in  fjVMnl  1* 
made  to  (raven*  any  two  givfu  points  in  the  aame  veitical  plane  with  tim  fMt 
of  pvojection. 


Atwdoi)'*  HjLOiitKK. 

Two  woighia  are  oonneoUd  by  a  eovd  pa«*iii|  over  a  poUoy  aa  in  AivwA 
maoUnet  friction  being  neglccUd,  and  also  ih*  tna*e**  of  tbe  pulley  and  «^f^ 
ftad:- 

84.  The  aoMlenttion  when  one  weight  ia  double  of  Uw  other. 

6ft.  11m  neoeUmion  when  one  weight  le  to  the  other  ae  90  to  SL 

TUdng  p  a*  960,  in  temw  of  the  tan.  and  aee.,  find : — 

M.  Hie  velocity  acquired  in  10  ao<x,  when  one  woi^it  b  to  lb*  oHhm^^ 
10  41. 

67.  11>e  velodty  acquired  in  moving  through  BO  oa,  when  the  weight!  ■•  *  I 
10  to  SI. 

66.  tile  dktauco  through  which  Um  aaoie  weijifata  nuet  unve  that  the  lA^ 
aeqniied  may  be  doubt*  that  in  laat  queetion. 

80.  ThadiaUao*  thrtmg^  whieb  twow*igbt*whiebareB*4Alo61  BMiai 
that  they  nuiy  a«qnire  a  velocity  of  96  cm.  per  aec 
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Enxor  awd  Wosx. 

HL  Expn^a  in  erg«  tbe  ktooUc  energy  «f  a  miuai  of  M>  gm.  novtng  with  * 
•iludt7  of  60  tm.  pv  MC^ 

fil.  Eipna  ia  etgi  th«  irarit  doo*  iii  ni»iag  n  kilognuu  throujih  n  hMglit  of 
I  BOtn,  at  K  plue  who*  ;  U  OSl. 

9&  A  RMM  ei  1S3  gin.  is  ac  a  li«jght  of  SODOon.  nbove  n  levol  Boor.  Find  ito 
ftngf  vt  yoMoK  «atiia>l«d  wiiti  reipeot  to  the  floor  m  tfao  «uuiitanl  Uval  (^ 
biia«flei>. 

ML  A  bodj  u  tbrowa  rottitmlly  npwards  Kt  *  ]>Inco  «li«re  ;  i*  980.  If  tho 
wladly  of  projoction  !■  9600  cm.  per  tc  kdA  tlie  nuM  of  the  body  ie  S3  cm., 
isd  tbe  BBoryr  of  Um  bod/e  nHAleu  wben  it  hu  aaocnded  half  waj  to  ica  amximiiiD 
hal(hL     Aho  toll  iho  work  <1om  agiuial  graritjr  Ja  thie  part  of  the  a«c«iit. 

M.  TIw  hcf^  o(  Au  iscliBcd  pUiM  b  18  <iii.,  and  tlie  leagtli  24  cm.  Find 
tba  work  dnw  hj  gnritj  upon  a  nuuai  of  1  f^m.  in  ■lidin^  down  thia  plnno  {g 
hibm  1180),  and  tho  rvlodty  with  which  the  boily  will  reach  Uie  bottom  if  there 
baoMetioiB. 

9&.  If  Ike  piaM  in  kat  qncatMD  bo  not  frictiooleaa,  and  the  reloeitj  on 
Dm  bottom  be  SO  cm.  per  M&,  ftnd  bow  luiir'h  energr  ie  oonaameil  in 


M>  find  th*  work  rxpeniled  ib  di*rliaigin][  a  ballet  whoae  ubm  i*  3(i  t;m. 
^«ltk  a  r«leat7  of  40,00()  cm.  jier  eee^;  and  the  numbor  of  such  bullete  that  will 
jlJMhafgid  with  thia  volocttj  in  a  minute  if  the  nte  of  workbg  ia  7460 
I  arp  per  aea  (ooe  hona-power). 

One  bofe^powor  being  defined  aa  SaO  foot-ponnda  per  MC. ;  abow  ttint  It 
[h«Mrij>  fqnivalant  to  6-6  cabio  ft  of  wat«r  lifted  1  fu  tii^b  per  nee.  (A  cubic 
I  iM  <i  water  weiflia  R3^  11a.  nearly.  A  fool-painnd  in  the  work  done  agaiiwt 
I  PhDjt  In  KftinK  a  pomtd  Ihroiigh  a  lieight  of  1  (t.) 

fc  How  many  niUo  feet  of  wnler  will  be  niaed  io  one  boor  from  a  mine 
IIM(L  deep,  if  the  nte  of  pumptnj;  bo  1&  honw-puwcrt 


CsiTTxiruoAi.  FuKO. 

Jl.  What  mtiet  b«  the  radiin  of  ctirvaturo,  tlut  tb"  cvntrifiit!»l  force  of  a 
aielliug  at  30  niitte  an  hour  uny  be  oue-tenth  of  tlie  weiglit  of  the  body ; 
■  HI,  awl  a  mile  au  hour  beioK  M'7  cm.  per  aecl 
M  A  heary  pnrticU  move*  freely  along  a  frlctioolem  tube  whtdi  fnmn  a 
I  drde  of  radiua  a.    Find  the  velocity  which  tbe  particle  will  hare  at  tlie 
t|K4nu  if  it  all  bat  oonea  to  not  at  tho  hijfbeart.    Alu  find  its  velocity  at 
ibvwt  inipt  if  in  ]>aa*ing  tbe  highcot  point  it  exerti  no  pccemn  agaimt  tho 
ftJaa  the  principle  tliat  what  ia  leat  in  emcegy  ol  poeilion  ia  gained  in 
'  c^  motion.] 

101.  Mbow  that  tli«  tntal  iotnoeity  of  eeiitrifugal  foroo  dae   to  tbe  cattli'a 

fl- 
at •  pkM  in  hoitude  h,  ia  t^  R  ooa  k.  •  denoting  ^,  aod  R  the 

miltna:  that  tlio  vertira)  component  (t^mlins  <"  diminish  Kixvity)  ia  <^ 
'  k,  moA  Out  llie  haTinutal  oomponeut  (directed  fnxu  the  pole  towards  tbe 
r>  b  •!*  H  00*  k  riB  a. 


ib 


am 
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Pexduloii,  axd  Momioct  or  Ikutu, 

101*1  Hid  length  of  itm  wM>tiiia  pendaluia  «t  Or«enwkb  b  9^13 1 
tfc*  knfUi  of  ft  ptnduliiiu  which  luokM  a  unjile  vibratioo  in  tj  aee. 

lUS.  llitr  weSjflit  of  a,  fly-wli««l  ia  M  granuDca.  mod  th*  dMtoDM  of  Uw  imiA*  I 
of  the  rim  (rata  tho  axi*  of  rcvolntioii  U  It  o«iiti]uik  SappouDg  lliii  ithtiiwn  ta| 
be  identicd  iHtliid  ill),  find  the  moaiMit  of  Lnartik. 

If  tk  foiva  of  F  dynm  mIa  atwdiljr  upon  tho  vhwl  at  an  enu  of  a  i 
what  u-Ul  be  the  rnliM  of  the  anjcuhkT  rdocitjr  ^  iiflii  llii   Inii  iif  1  ■iimllih  liiwij 
the  conuu«iic»tiient  of  motioo  1 

109.  For  It  utiiform  tliin  rod  of  Icujilh  a,  Kwinging  nliout  k  point  of  eaipmriMJ 
at  one  «nd,  tho  moment  of  iiieniit  u  tite  uiom  of  tho  rod  multiplied   bj  |^. 
Find  the  length  of  the  v<juivitlL-nt  iiuu|>Ii!  pendulum;  abo  the  uoiueut  of  tnenii 
round  a  punllcl  axi*  tlirou^h  the  cnntn)  of  the  rod. 

104.  At  what  jjoiut  iu  ite  leugth  must  the  rod  In  Uat  qoeetlea  be  MMftendnl 
to  pvo  n  nunimum  Uno  of  vi)ir>tiuu :  uid  nt  what  point  miwt  It  be  meiieiidad  W 
give  the  aune  lime  of  vibration  iu>  if  eiwpcnded  et  one  end  I 

I0&  ^ow  that  if  P  be  tlie  maw  of  the  puUejr  iu  Atwood'i  inachlM.  r  tk  { 
ndlue,  end  Pi*  its  moment  ol  inertia,  the  valna  of  C  in  {  100  will  be  P  ^ 
plus  tho  maM  of  the  atrinjp    flho  nuja  of  the  frietioa-vrhocbt  i*  oegleMed.) 

100.  A  bod^  uioT«e  with  coiistiuit  relocttj  in  n  nrtical  drele,  goiMg  <am 
round  per  BKood ;  and  iu  aliadow  ia  oaat  upon  lerel  gmiud  bf  n  rartioal  en 
Find  the  valae  of  /<  (}  1 1 1)  for  tltc  iihadow,  luiag  the  oottimetf*  and  mtmid  m 
aniu^ 

107.  What  i«  tho  vaIuc  of  ^  for  one  of  the  proi^  of  a  C  tunittg-(ork  i 
nnlua  AIS  ooroplete  vihrationa  per  eecondt 


PaEaaCKK  or  Lii}Viii& 


Find,  in  ^vitation  meaaun  (jtmnmai  par  eq.  an.X  atmoeplieffle 

being  B<8l«oted  :— 

106.  The  prewiiire  at  the  d«pth  of  a  kilometre  In  etA-wntcr  of  Aaaitj  I'dft 
IDS.  llie  prtante  at  the  depth  of  65  cm.  in  tnoivar;  of  deneitjr  13  Ml 
lia  Tbe  preMUre  at  the  d«pth  of  S  cm.  in  uketrurjr  of  ileiudtji  I3r»f 

OMnted  bj  3  cm.  of  water  of  unit  ileneit]-,  and  thk  again  by  1^  ob  «f  < 

deuritjr  -9. 

Find,  in  ccnthnctrca  of  moreurx  of  dentitr  13-0,  atmoepberic  ptemwe  I 
included,  and  tlie  bejomoter  bein;;  euppoaed  to  itajid  at  76  an. : — 

111.  11m  pnaaure  at  the  depth  of  10  metiea  in  wnt4ir  of  unit  dei^y. 

IIS.  Tbe  preamre  at  the  depth  of  a  mile  in  aMk-wBttr  of  dtnalqr  t1>90,ai 
being  imoSScm. 

Find,  in  dyrna  per  aquw  centimetre,  tnldng  g  aa  061  :— 

113.  The  pnaun  due  to  1  cm.  of  merenrj  of  deusitj  13-OML 
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114.  Hm  pnwuit  doo   to  a  foot  ol   wal«r  of  uuit  denst}',  m  foot   bcinij 

USw  TIm  |««Mura  dn«  to  tha  wwght  of  a  Ujror  «  metre  tlilct,  otf  «lr  of  duiwity 
Dim 
lie.  Al  «b«t  deptb,  ID  brine  of  (Uniiitjr  I'l,  ia  tho  pnamire  lli«  ntne  u  tU  > 

lof  SSIwt  in  WftlM-of  uiit  dMiailyl 
117.  At  wh«t  depth,  ill  oil  of  tleuait^  "S,  ia  Um  |irmu»«  tbo  hum  m  ot  tho 
d*f«b  ol  10  ioebca  in  nacnry  of  tlonn^  13-A0et 

tia.  Witti  wlwt  nhw  ot  g  will  tho  prMuire  of  3  (9D.  of  monnrj  of  ■lenaitj' 
IMM  U  4  -  Ki*! 

yind.  In  fnunoM*  vright,  Ui«  tunuunt  of  iinonuv  (•liiK«pbiiric  imwnn:  beiiift 
Mfftooi^):- 

119.  On  a  inaMgtilir  nrf*  of  II  *q,  rin,  iniiuvntfil  lu  uatJitbaot  dciuiljr  '846  j 
Um  o^tiv  of  gravitj'  of  Ihe  tti^icle  \iting  at  the  (l<.-|>th  of  (  era. 

ISn  (ta  a  nctuipilv  area  IS  enx.  long,  and  U  cm.  bc«ail,  iinmerveJ  io  xattvurj 
«f  ilomrtjr  la-SM ;  ila  bigbort  aiid  lowast  oon>«m  bcdng  al  itepitbii  of  3  cm.  and  7 
on.  rMfMctivvlj. 

151.  Ob  a  ciKalar  ana  of  10  em.  ntlliw,  imBioNcd  iu  alcoliol  uf  deuaJty  '791, 
Ik*  tMBtn  of  tine  eircio  being  at  tbe  depth  of  4  on. 

152.  Ob  a  triaBgle  wboa*  bua  ia  t  cm.  and  altitudo  8  cm.,  th*  baw  being  at 
tlif  nnUonn  depth  of  Q  em^  and  the  rertox  at  the  depth  of  7  em.,  iii  walw  of  unit 

133.  Ou  a  tfH^n  tj  nJItu  r  oentiinetrM,  complotoljr  Ini&iened  ta  a  tli^uld  of 
imAj  d;  the  oentn  of  the  «|ili«re  twinge  at  the  dt-ptk  of  A  oeiitiiaetroL    [Tb« 
.aMnU  of  proMUra  in  tJiie  cue  ia  not  tlia  resultant  pmeure.] 


DusiTV,  AXD  PHiiraput  or  Arcbikidb. 

AmMm  MP)  »  b  Ur^mjMf  U  flWHM*  JNT  mW  MUfaiMra. 

IH  A  netaapUr  block  of  itono  meanirao  HI  x  37  x  16  on.,  aod  wdgha 
UBUkp^ntaMi.     Knd  Its  deuaitr. 

IH  A  aprdllo-irntTltr  bottle  botda  100  gm.  ot  wit«r,  and  100  gn.  of  anlpliarie 
'^  fiad  tho  d«Mit7  of  tho  acid. 

Ui  A  oeHnln  voliune  of  mercury  of  detwity  13'ti  rdgba  910  gia,,  ami  thw 
*••  tiuB*  ot  anethar  liquid  weigba  U'6  gm.     Find  the  deuaity  of  thU  lic|Bkl. 

ir.  Tiad  ilia  mean  McUouofa  tub*  16  on.  long,  which  holdal  gm.  of  morcnt; 
rf*M&/  13  0. 

W>  A  bottlv  filUd  with  water,  weigh*  312  gm.  Fifty  gnuumoB  of  Glinge  are 
■hn*B  in,  and  tba  wsUr  which  ftowa  over  ia  ramovod,  itill  leaving  the  bottle 
t"  OUL    The  Uittlo  then  wei^faa  SM  gut.     Find  tbe  deuatly  of  tho  ftlisga. 

til.  UmI  the  deiiaity  of  a  body  which  woigba  A6  pa.  in  air,  and  46  gin.  In 
enkr  of  uuit  denaity. 
UU  Ftad  the  denaity  ot  a  body  wliicb  weigh*  89  gm.  in  air,  and  30  gm.  ia  * 
^  of  daiMtly -SO. 
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131.  A  kIkm  b>II  ItMM  33  gta.  wtien  wcif[hed  in  wnt«r,  luid  Iowb  0  gn.  won 
«h«n  w«iglial  in  a  tiOin*  Mintinn.     Fioit  iho  lUimiif  of  tho  itolutiaii. 

132.  A  bodjr,  li£ht«T  than  vaUr,  weiglia  103  giu.  in  air;  tad  «h«n  it  ia  1»- 
inuMd  in  wstor  by  Uio  aid  of  a  nnker,  tfas  joint  wcigfat  i*  23  gm.  Tb«  dnktr 
tUme  wdgba  CO  gm.  in  w*<»r.     PJnd  ibo  dfiuxitj  of  ibo  txxly. 

133.  A  jiioW  of  iron,  wlitrii  plun^^  iu  a  rtmel  full  of  wat«r,  maktm  \(t  gnuuM* 
ran  ovtr.  Whoa  plnmd  in  a  vcmmI  fall  of  niercary  it  Awta,  dixpUciRg  76 
gtMDinea  of  ntreury.  Re(|iiired  Uia  w*i^lit,  toIiiiimi,  luid  apM^o  paritj  (^ 
Ibe  iron. 

134.  Find  tlie  voluiutt  of  n  nulid  wbieli  yieigh*  3GT  gm.  in  air,  Mid  SOS  gm.  ts 
water  of  nnit  drtuuty. 

135.  Finil  tbn  voluma  of  n  ulid  trhicb  irejghs  459  gm.  in  air,  antl  406  ^ik  ta 
brin*  of  driisitf  I'S. 

136.  How  mnch  wcigiit  will  b  body  wboM  toIuum  ■■  47  cabic  aa.  Ittm,  tfr 
wdgbbg  in  a  Uquid  wboM  daranty  ia  S'At 

137.  FiaA  the  woights  tn  air,  in  «»t«r,  and  in  in«n;ui7,  oS  a  cubic  cm.  of  jpU 
et  d«iuity  IS-3. 

138.  A  wire  ]!93  cm.  long  loM*  606  gm.  by  wc^hlng  In  w»tt*.  Find  In 
■uan  wction,  and  niuau  radiiut. 

139.  A  copper  wire  315$  <im.  long  w«tgbB  IfiS  Km.  in  air,  and  l-ft*  nn.  ia 
water.    Find  in  volume,  denaity,  moan  wction,  and  ancan  nuliiui 

140.  What  will  be  Um  weigbtn,  in  air  and  in  wat«T,  ot  an  iron  win  tOOO  (k 
loDg  and  a  millimvtro  in  diameter,  it*  dnnaity  bmng  '"Tl 

141.  How  Riucli  water  will  be  diaplnool  by  1000  cjt.  eS  oak  cf  Atudij  % 
floatbg  in  equiUbriumt 

143.  A  bdl,  ot  deniity  80  and  v^nma  3  cc^  ia  suraKiunt«d  by  b  oylbliW 
rttoii  of  denaity  8'C,  of  length  IS  cm.,  luiil  of  cnw  iFciioii  J  aq.  em.  What  \rfi 
of  Ui«  atam  will  be  in  inr  whun  the  Ixiily  flonta  in  eqailibriiua  in  inercorj  (f 
d«iuiity  I3'6I 

143.  A  hollow  eloaad  cylinder,  of  mean  dcnuity  -4  (iM^odbg  Um  boUow  «f«n^ 
iaw««Bbt«d  witb  a  ball  of  volui»<f  &,&nd  meui  dvnaily  S.  Wliat  mn«t  bt 
volume  of  tbe  cylinder,  tbat  exactly  half  td  it  may  bo  imaervod,  wliea  iIm  hp&: 
blefttoltaelfin  waurl 

144.  A  long  cyHndri<!nl  tube,  cim>tni<rt«d  of  flint  (clitM  cif  deiuriiy  3,  U 
at  both  eula,  and  la  found  to  bnvc  ih^  )>raprrty  of  rMnainlug  at  whalwer 
it  ia  placed  in  water.    If  Um  naa«  of  tbe  enda  »n  \m  naglacbKl,  abow  tbak 

ntio  o(  tlie  intcmal  to  the  •xt«ma]  radiiw  la  a/   t 

14A.  A  ghai  bottle  prorided  wttL  a  atofipor  of  the  aamo  nateirial  waf^i^ 
gn.  wben  empty.    Whao  it  ia  tnnMned  io  water,  tta  apparenl  wMght  ia  lO 
bat  wbra  lb«  atopper  ia  loaMD«<l  and  the  water  let  in,  ila  apparmi  wwgid 
gin.     FiimI  thv  denxily  of  tbe  ftlua  and  the  a[«city  of  the  bottln 

146.  A  hydrocoeter  sinka  to  a  certain  dejitli  in  >  Sntd  of  danaitr  -f; 
100  gm.  be  placed  upon  it,  it  alnka  to  the  mme  depth  In  water.  Find  tlw 
of  tbe  bydrotMter. 

147.  Find  the  nwwi  dourity  of  &  coaOiinalioB  of  R  parts  hf  voIium  of 
ataiiOB  of  dendty  7,  with  10  of  a  milatoncn  of  domity  3. 
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149.  ffail  Uw  tMU  (knutjr  at  a  MmUiutioD  of  8  jiarUt  hy  wriithi  of  a  mib- 

<  et  daadty  7,  vith  in  of  ■  MibrtMoo  of  detudty  3. 
I4IL  Wk*(  roInnM  ol  fir,  of  dctisitj  -ft,  mtut  be  Joined  to  3  e.o.  of  iron,  ol 
^■■hj  T'l,  Uut  Ui«  oMka  dcBiitjr  of  tbe  whole  nuj  be  uiiityt 

IM>.  Wku  ■»■  of  fir,  of  demttj  -ft,  anet  be  joined  to  300  gm.  of  iron,  of 
^AaBtHj  7-1,  tiMt  tb«  Bua  density  of  the  whole  nwv  !«  uuityl 
^B  Iftl.  Two  fuU  bj  Tolnitia  of  n  lir)nid  of  deiuril.v  'S,  HTt  mixed  witli  T  of  wHter, 
^■U  tlM  Btixtnra  dirinla  ia  tlie  ntio  of  SI  to  SO.  Piu<l  iu  tl«iiHity. 
^P  ISS.  A  pleoe  of  iron  of  ttemitj  7*3  flonbi  in  mcrcuiy  of  d^nxity  IS-fl,  mii)  is 
eMnt4t1«lj'  oorered  will)  water  wbi<ti  rMbi  on  the  top  of  the  meroaiT.  Bow  tntMh 
of  tlM  titMi  ii  innentd  Id  tlie  mtamrfl 

153.  Two  Kqniib  are  luixcd.  Tie  loUI  volnme  i»  3  litree,  with  k  up.  p.  of 
0^  Tbe  ep.  gr.  of  tbe  Ural  liquid  te  1*3,  of  th*  woood  0'7.  PiD<l  iheir  votiiioe*. 
IM.  Wkat  volame  of  pkitianm  of  deocity  21*9  mtut  Iw  attimlie)!  to  a  litiv  of 
I  of  denaitjr  7'S  tbat  tlie  nyirteni  mj  Aoet  6«oiv  nt  eU  d«])tli«  in  mcrciiiy  nf 
illy  13-6 1 
l&S.  Wh«l  miut  be  the  tbidcneM  of  ■  hollow  tipbcre  of  pUtinum  witli  ah  ex* 

I  ndln*  ol  1  dcdm^  that  it  may  borrly  llont  in  water) 
IML  A  Bphen  of  rork  of  dentjly  -24,  3  cni.  In  ndiua,  ia  weighted  witli  a 
r  <d  fM  of  denaity  Ifra.    What  muit  be  the  naiiM  of  Ibe  kttor  that  the 
I  auty  lanly  fleot  in  «l»liol  of  density  'Bl 
U7.  Aa  ftUoy  of  geU  and  kUvot  hiw  ileMiiy  D.    The  (teoalty  of  gold  ia  d,  that 
4  iU?«r  (f .    Find  the  prapnrtiona  by  wdgbt  of  the  two  nutala  in  the  alloy,  «itp- 
|«fMg  thai  neither  espMiauoB  nor  <outractioii  oouura  lii  its  fonuntion. 

\K.  A  mixture  of  gold,  of  doMity  ld'3,  with  lilver,  of  deneity  10'6.  h«a  the 
tecity  )6.  A»atBn>g  thftt  the  voloine  of  the  alloy  t«  the  inini  of  tb<^  volamm  nf 
ik  ouapotMnta,  And  how  many  patia  of  gold  It  ooDtAimi  for  one  of  ellrer— (a)  by 
•ilaBM:  (ft)  by  weight. 

IN.  A  body  weigh*  plii  dyMe  in  Air  iif  demity  A,  j^m  in  wnter,  and  gx  in 
ftad  X  ia  tetma  of  M,  n,  ukI  A. 


CAnLtuRirr. 


m  A  horixoatal  diac  of  glaiw  i«  held  up  by  mean*  of  a  film  of  water  1i«4w«en 
t  and  a  liniilar  diee  of  the  aame  or  a  larger  elm  above  it. 
U  It  draMe  the  t«dlua  of  the  lower  diae, 

>l  the  dlalaiioa  lietweeQ  tbe  disc*,  which  ia  very  nnaU  cotnparvl  with  R, 
T  the  anrfaee  tefialon  of  waler, 

•bow  that  the  weifrht  of  tlie  lower  dtoo  tof^ther  with  that  of  tbe  water 

tielween  the  diew  is  n|>|>rA:iiijint«ly  nqnal  to  —7—  • 

r^*»  iiu  of  waivr  will  W  coacave  at  the  edge,  and  the  mdiua  of  oarratnre  of 
***»ai*ity  nay  bo  taken  m  ^d.] 
H^^^"'-    The  Mufiwi^ieairion  of  water  at  !D*  CL  b  81  dyiwe  |>cr  liiienr  centiio. 
'^'ach  will  water  bn  eleraled  t^  capillary  aotioB  in  a  wetted  tiilie  whiwe  dia- 
^  half  a  DiitUiiiutret 
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168.  Uov  luudi  wiU  tuerctUT  be  il«|in»ied  bjr  o^iUbry  •ctiua  in  ft  giua  tubi 
of  half  ■  miUiiuntin  diamotcr,  Ibo  ■urfoM-Uoiuoil  of  iMlGurjr  Ht  20*  C  bciag  411 
dyne*  per  csi^  iu  deuiiitj  IH'M,  aud  ibe  oo«in«  u(  (be  angU  of  couUtct  '7cnl 

163.  SbuT  by  tile  metlKid  of  j  IMt  lliat  the  ntpilLur  itlev«tii>ti  or  

will  bo  tbo  HUM  ID  a  squitre  tub»  ■«  ii>  a  ciKuUr  iub«  wIiom  dion^vhr  u  M|Uttl  &> 
a  itido  of  the  •qiure. 

IM.  Two  •qual  diMi  in  a  vertical  p«ition  l»v«  ■  film  of  waU-r  tietwMu 
U)«in  mMkiatd  hy  oaplUarr  action.  Sbow  tlinl  if  the  waler  M  tli*  la«Mt  poiAt 
ia  at  atmfplierie  ptnaiirc,  tile  nalcr  nl  the  centre  of  ttte  ilioai  i*  at  a  prOMUN  iMi 
than  atmosptieric  by  rff  dyne*  p»r  <iq>  ou.)  r  baint;  tb«  conniou  nxliwi  of  tlw 
(Uks  in  cm.;  and  tlikt  the  ditcs  an  pnaMd  togettur  with  ■  forov  ot  wt'g  d/Mi, 


BjtitoiimK,  AKD  BovLi^  Law, 


I 


16B.  A  bat  tuV,  liikviu^  oBo  «nd  oi>en  luid  tbe oilier  doaod,  oontalsa  vatitarj 
whidi  rtuida  SO  cm.  Iiiglicr  in  tlio  open  tliaa  in  tbo  cloaed  bnuicb.  OcMiwn  ibt 
pnman  of  the  air  in  tbo  clonnl  liranch  with  ttiai  of  tha  •xlvnuil  air;  IIm  itn- 
uMor  M  tb«  time  sUucliug  at  75  cm. 

108.  Tim  epom  acctioua  of  tlie  op<ai  and  oloacd  bnncbc*  ol  a  upbon  IwrvaMw 
an  aa  fl  to  1.  What  dislaBO*  will  tbo  mercury  novo  In  tlw  cloud  bnack,  ote 
a  nomial  barometer  altera  iU  reading  bf  1  iwb  I 

187.  If  the  WCtiOB  of  tbe  cloaod  limb  of  a  liphon  haromctcr  in  to  lliai  *d  dw 
ofwn  tlmb  aa  a  to  J^  show  that  a  riae  of  1  L-m.  iu  tlie  mercury  iu  tbe  oloMd  lial 

uorreaponda  to  a  riao  of  — r—  cm.  of  the  theoretical  barometer. 

166>.  Compulo,  in  dynoa  jwr  a^.  cm.,  tJie  prouurc  due  t«  tbe  wcif^t  of  a  ool^ 
of  iDorenry  76  cm.  high  at  tho  cijuiitor,  wliero  g  ii  078,  imd  U  the  pule,  wlim/ 

L09.  TIm  volamcii  of  n  given  quM^tity  of  mercury  at  0*  C  and  lOO*  C  ai>i» 
I  to  1-016S.    Compute  the  bai^'bt  of  »  ooloma  of  maraurjr  al  lUO',  wUck 
produce  the  aana  pmmre  a>  76  cm.  of  m«oiu7  at  0*. 

17(>.  Til*  volwnaa  of  a  given  mam  of  raFrcury.alO^a&d  SO*,  arena  1  toim 
Cind  tlie  heigbt  redoead  to  0°,  when  tha  actual  hvi^i  (iu  true  cenlimalrM),*' 
tcmperatur«  of  30",  ia  76-2. 

171.  In  pcrfoitning  tbe  Tonioellian  exjierimiFnt  a  liltJe  air  ia  Idt  abon 
ntercury.     If  tbia  air  vspADda  a  tboOModfotd,  what  dilTrrvnoo  will  it  waka  k 
height  of  tlie  colomn  of  morcury  auatainod  tIi«ii  a  ■lortnaJ  baromatar 
7SCB.I 

ITS.  In  perfonning  tbe  Tomcetliao  eiperiment,  an  iu<b  in  laogtb  <d  lb* 
ia  occupied  with  air  at  atmoapheric  prvMire,  before  tbe  tube  ia  Inverlad. 
tlie  invention,  tbia  air  expaada  til)  it  occapiee  1&  nicbea,  while  a  eobua  < 
mercury  S8  incbn  bi^  i*  aoatiuncd  Iwlow  it.    Find  the  true  barotM'trlc  U^ 

IT3,  Tbe  mercury  atandaat  the  aarae  level  In  tbe  open  and  inThi  rliMail 
of  a  bent  tube  of  nnitorm  aectiou,  when  tbe  air  ouufined  at  iba  rlniit  mA  li  V 
tlie  preMuro  of  3(1  indiea  of  mereiuy,  wbicb  ie  tbe  aame  aa  tbe  |ii  win  u  «f  tk 
exiemii]  air.  Eipreaa,  in  almoaphsrea,  tbe  preaaura  wfaidi,  aodng  oa  tbe  waibm 
of  tbe  UMTcnrj  iu  tbe  ofwn  bmntb,  oomprcawa  tbe  ooiilUied  air  to  li»W  H^  etW^ 
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,  BBd  At  tlie  Mue  time  mafnUyB*  &  differtoM  of  &  iucba  is  th«  t*T»la  ol 
tbm  tva  bwrotW  Mlomiw. 

174.  At  wluLt  pretMore  <(ut]it«w«d  in  «taioi^iliBr«i)  will  oommou  ^  Imvu  the 
aoM  daudty  wkicfa  bjrdneen  bw  at  otie  ati)Miq)h«r« ;  tlieir  d«ttfiti<H  wlieu  com- 
|«/wl  si  tba  MOM  pPtMura  Iwag  M  ISTU  toti84) 

170.  Two  ToluiiMt  ol  Mygtsi,  ot  <l«i)aitj  -OOUt,  im  muud  with  time  of 
attiwya.  of  danmtjr  -OOIS*.  ttnd  tlw  deniiitjr  of  the  mixture— (o)  if  it  oompiei 
l*«  yolBMBa;  (6)  U  It  b  reduieed  to  four  rolumek. 

17(1.  Tbe  lUH  of  a  cub.  <nL  of  air,  nt  thi*  umpmitun  O"  C.,  niid  «l  tlie  jireaunt 
o(  ■  Million  Ajtrna  to  tbe  «i)ii>tv  i-ni.,  i«  -()ul£7fi9  grauiiu^.  Piatt  tlw  nuua  of  « 
cnbie  en.  of  ur  at  0*  C,  uiMlrr  tli«  (iroBiiini  of  Ttt  cm.  of  mcrcarir — (»)  kt  the  pol«, 
«fa««^ii963'l:  (fr}Kt  tlta  w{iwtor,  wkor«  g  ufl78'l;  («)  at •  place  when  if  b 

177.  Bbow  that  the  dcnaity  of  nir  at  ■  nivm  tcmjicnilure,  itud  under  tli« 
I  of  a  giTvn  coJiiHiB  of  morcaiT,  i*  gry*t«r  lA  the  polo  lluui  at  tbe  eqaator 

■boat  1  {Art  in  tflS;  and  that  ibe  gmritatiug  (onoe  of  a  given  volume  of  it 
*  gmtwr  at  the  pot«  iban  Kt  the  oqnator  by  about  1  port  in  S6. 

17A.  A  cylindrical  iMt-lube,  L  dedm.  long,  U  jduoged,  moutli  downwaid*, 
iUo  ■MTOuj.  Bow  de«p  innat  it  bo  plunged  tb«t  the  volam*  ot  tbe  incla^eil  air 
mtf  bt  dlaiiabhod  bjr  ouo-half  t 

179.  Tbe  pTMBure  iadiictttod  by  a  siphon  baiomeUr  whuae  vacuuu  is  defectiTo 
>  7M  utB^  aad  wfaeo  numxry  i*  pound  into  tbo  open  bnuwh  till  the  baroniEtrie 
dia>nb«r  ia  rvdnoed  to  half  Ita  forawf  toIubw,  tho  |irMeiira  indicfttod  is  740  mm. 
IMaM  the  tnie  jmMnre. 

m  Am  opea  HiMiauMl«r,  fornxd  of  a  bent  tube  oS  iroo  wIkmo  two  bnuichea 
an  panllal  and  Tcrtioal,  and  of  a  glaai  tube  of  lai^Ber  aize,  coutaiua  mercury  ai 
th*  matm  U«al  ia  botb  braBch««,  tliii  lerel  being  higher  than  the  junction  of  the 
tr*»  wttli  tl>e  glaaa  tabcb  What  must  be  the  ratio  ot  tlie  wctions  of  the  two 
CtaW,  that  the  mcmty  maj  aaeend  half  a  metre  iu  tlie  ghm  Ube  when  a  pre»- 
•un  «f  S  atmoeji^vToa  i«  es«rlpd  in  tbo  oppmite  bnnchl 

IH.  A  earT«d  tube  liu  two  vcrthaJ  legs,  one  harfng  a  tectioa  o(  1  aq.  em.)  the 
oCAwef  10  at).  OB.  Wntcr  i«  poured  in,  and  atanda  at  the  aam«  htdght  la  both 
WCK  A  fittaa,  weigblni;  K  kOognuiBua,  ia  tboa  allowed  to  deeeend,  and  praaa 
^rUk  tiB  own  weight  apoa  the  amfaee  ol  tbe  liquid  in  (he  larger  l«g.  Find  die 
•iw^ilii*  tho*  produced  ia  tbo  larboe  of  the  liquid  in  the  amaller  leg. 


PvMr*,  fto. 

Ittl  Tbe  •eetfooa)  area  of  the  Huall  pluagcr  in  a  Bruoab  prt«  ia  1  aq.  cm., 
^d  ttal  of  iliu  br)[or  100  m).  cni.  Tlie  lerer  handle  givee  a  mMhouical  ndvun- 
^l4&     Wlial  w«lght  will  Ibc  Intse  ptungor  auatflin  when  1  owt.  ia  buag  tiuui 

Attudbt 

1%  Tbo  diameter  of  the  null  plunger  i*  half  on  inch;  that  of  the  larger 
I  fact    The  anna  of  ibe  lever  handle  aie  3  in.  and  S  ft.     Find  the  total  mechan- 

ItU,  Find,  in  gnuuiBM  weight,  tbe  force  required  (o  anataiD  tbe  piaton  of  a 
aBiiaa-piunp  wiUiMil  friction,  if  tbe  radiua  of  tlie  piaton  be  I&  cm.,  tlie  depth 
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from  it  to  tbe  nirfiwe  of  tbe  mt«r  in  th«  well  eoo  om.,  Mid  tli*  txiiffbl  of  Uie 
eolwDD  of  wnltir  nlwvo  it  IM)  cm.  Sbow  that  Ibo  atinwcr  duM  Dol  ilupend  on  the 
die  of  tbx  pifw  which  lMd«  down  to  tb«  waU. 

ISA.  Two  vosacU  of  wtttM  tu«  oonnectoil  bj*  »  m)ibaD.  A  o«TtAin  potnt  P  in 
iu  interior  ii  III  cm.  Hid  30  cm.  rsKp«ct)r«lv  nbovn  the  level*  ti  tLe  liqiilil  In  tli« 
two  vurwIk.  The  pnwiin  of  the  atnioapbere  is  KHK)  grain»M  wci(;bt  jwr  aq.  no. 
Fisd  th*  premm  which  will  eiicl  at  !*—<«)  if  the  end  wbkh  dipa  ui  tJi«  vfptr 
veawl  be  plngKod;  (6)  if  tlie  end  which  dip*  in  th«  Inwitr  vneel  be  plugged. 

160.  If  tbe  receiver  bM  double  the  rolume  o(  tlie  barrel,  find  tbo  dtawily  of 
tlie  air  muAiuing  &ftvr  10  atrokea,  neglecting  leakage,  &c 

187.  Air  u  forord  into  a  rt«n)l  b^  ■  oompnimaD  pomp  wboee  bMrel  haa  j^th 
of  the  volnina  of  the  venel.  Oompul«  the  density  irf  the  air  in  the  nMicl  after 
aa*trok<e. 

IBS.  In  thepnmpof  Tig.  136sliowtbiitthe«xc«aR0f  thcprcaaurean  tlioiipiiar 
above  tliat  ou  th«  lower  aide  ot  tbe  pUtou,  at  the  end  of  tli«  ftnt  a)) 

y     y.  ot  an  atmoepbere  {fn  the  uotatloo  of  {  230];  and  hebc*  that  the 

•troke  is  more  hiboriou*  with  a  imall  ibui  with  a  large  rtceiTCr. 

ISO.  In  Tat«'«  piunp  abow  tbat  tbo  |irMiiiT»  to  be  owmaoM  in  tbe  firM  i 
is  Dearly  cijual  to  an  Umo^here  during;  tbe  gnM^  put  of  tbe  atroJte  i  ami  i 
when  half  tbe  air  boa  lieen  expelled  from  tbe  remjirir,  tbe  pnvure  to  be  ovv- 
oome  vaiioi,  in  diiTeroDt  porta  ol  the  atroko,  from  half  mi  ntiDoephere  to  an  ■(■» 
•pb*n. 
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CHAPTER     XXIV. 

THEHMOlCBTRr. 

Heftt — Cold. — The  wonU  htat  and  coUl  express  Bensationa  bo 
jiowQ  B8  to  Deed  no  explanatiun;  but  these  »rn.siiLiun3  are 
id  hy  snbjcctivc  causes,  ioA  do  not  furnish  aii  JDvariabln  cri- 
of  objwtiro  reality.  In  fact,  we  may  often  6e«  one  person 
ima  heat  while  audLor  complains  of  oold.  Even  For  the  same 
tbo  MOMtiona  of  hvat  and  o»ld  are  coinpnrative.    A  tempcra- 

fiO*  Fabr.  suddenly  occurring  amid  the  licat  of  auntmcr  pro- 
I  very  decided  sensation  of  cold,  wh«r«aa  the  same  temperature 
l«r  haa  exactly  the  opposite  etfect  We  may  mention  an  old 
Bent  upon  tliis  subject,  which  is  at  once  simple  and  instructive, 
pluni^  one  hand  into  water  at  32°  Falir.,  and  the  other  into 
it  about  100";  and  if  aftvr  having  left  them  vonic  time  in  thiA 
B  we  immerse  them  stwultoneounly  in  water  at  70*,  they  will 
iDce  very  different  senRations.  llie  hand  wliioh  was  fonnorly 
eold  water  now  experiences  a  sensation  of  heat;  that  which 
the  hot  water  experiences  a  sensation  of  cold,  though  both  are 
■jne  medium.  Tlus  jtlainly  sIiowh  that  the  senHationa  of  heat 
Id  an  moditlNl  l>y  the  condition  uf  the  obMr%-cr,  and  oonsO' 
r  eaanoi  serve  a»  a  sure  guide  in  the  study  of  caloritic  phe- 
k  Becoone  must  therefore  b«  had  to  M>nie  more  constant 
id  of  reference,  and  such  a  atandard  is  furnished  by  the  ther- 

V. 

Temperature. — If  several  bodies  heated  to  different  dcgri-es  ore 

in  preaence  of  each  other,  an  intcrchango  of  heat  takes  place 

n  then),  by  which  they   undergo  modifications  of  opposite 

tlMM  that  are  hottest  grow  cooler,  luid  thone  that  are  coldest 

■anottr;  anil  after  a  longer  or  shorter  time  tliese  inverse  phe- 

iomst  to  Ukv  placo,and  tlw  bodies  come  to  a  state  of  mutual 

u 
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e<iui]ilmum.  They  are  Uion  said  to  be  at  the  same  temperature,  U 
ft  sotircu  of  heat  is  iiow  brouglit  to  act  upon  thvm,  thoir  tempcratwe 
is  said  to  riee;  if  Ihi-y  arc  )i-ft  to  thvin.si.'Ivi's  in  n  colder  modium.  thv; 
all  grow  cold,  and  tlnur  t«iupenitiii-i;  m  Mtid  u>  /nil.  Tv>0  bodta  art 
taid  to  have  the  «ame  temperatum  ifv.'hen  ihey  are  plticed  in  contad 
»n)  heat  passes  from  ttu  one  to  Hie  oilier.  If  whsn  two  bodiet  an 
placed  in  contact  bo^t  passes  from  one  to  the  other,  that  nhich  givM 
heat  to  the  other  is  said  to  have  the  higher  temperature.  Heat 
always  tends  to  pass  from  bodim  of  higher  to  thosu  of  lower  tani- 
peraluro. 

278.  Expa&sioa. — At  the  same  timo  that  bodies  undergo  then 
changes  in  teuipenturo,  which  may  I>c  veritii-d  by  the  diff«s«Bt 
impressions  which  they  make  upon  mtr  organs,  thoy  are  sutgeetHl 
toother  moditioations  which  admit  of  direct  meiinirenient.  and  whidi 
Mrre  as  a  means  of  estimating  the  chan^'cs  of  temperature  themaelvaa 
These  modifications  are  of  ditferent  kintU.  and  we  shall  have  oceasioo 
to  speak  of  them  all  in  the  course  of  this  work;  but  that  which  i* 
especially  used  as  thi;  basit  of  thermometric  mrasitreinttnt  is  chai^  at 
volume.  In  gi-neral,  when  a  Iwdy  is  hcJktiil.  it  iiicrcasra  in  voltuna; 
and,  on  the  oUier  liaad,  when  it  is  cooled  iU  vohime  diininiahea.  IW 
expansion  of  bodiea  under  the  action  of  heat  may  be  illu.«trated  bf 
the  following  experiments, 

1.  8oUd  Bodiea. — We  take  a  ring  through  which  a  metal  ^a 


fit-  lU.— t^n<>un-l*'>  lUnt 


|n»t  panes.    Thin  latter  is  hoatod  by  holding  it  over  a  spirii-l 
■ad  it  is  found  tliat  after  lliis  opeiatioii  it  will  no  longer  pan  thr 
tba  ring.    Ita  volume  )am  increased.     If  it  is  now  cooled  by  iniinr 
rioa  in  water,  it  reaumea  its  former  volume,  and  will  acaln  pia 


RXI'AXStON. 


£5d 


» ling.    If,  while  the  sphere  waa  hot,  we  had  heated  the 
1  the  aarae  degree,  tliu  ball  would  still  liave  been  able  to 
.Uioir  relative  dimensions  iKring  unaltered.   Tliw  Httlo  apjwratiis 
fa  eaU«d  Oraveaande'a  Rinfi. 

2.  Li^i4$. — A  liquid, a»  water  for  instance,  is  introduced  into  the 


>»  ua^irnim»ii«<i*imut  m  ita-JbiMiainiotUMi*. 

^P*«atua  shown  in  Fig.  182,  so  as  to  Gil  at  once  the  globe  and  a 

V^*^on  of  the  tube  as  far  as  a.   The  instrument  is  then  immersed  in 

*  ^tOMtl  ooataining  hot  water,  and  at  first  the  extremity  of  tli«  liquid 

*^ii)tDB  descends  for  an  itutant  to  6;  but  when  thu  expurimeiit  liae 

^■intuiaad  for  »oaic  time,  the  liquid  rises  to  a  point  a'  at  a  con- 

'A'mble  height  above.  This  twofold  phuuMnoDon  is  enoily  explained. 

Ai  (lobo,  wbivli  receive*  the  Hrst  impreMioo  of  heat,  increaace  in 

f  *ilnBN  beforo  1105  scniniblc  cliange  can  take  place  in  the  temperature 

tl  Ili9  liquid.     Tlie  liquid  cotuequently  Is  uikable  to  fill  the  entire 
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capacity  of  the  globe  aiul  ttilw  up  to  tbo  original  mark,  and  thai 
tho  eztrvmity  of  tliu  liijuiil  oolurtm  is  Kovn  to  fall.  But  tliu  liquid, 
receiving  in  iia  turn  Uic  impression  of  h«at,  expands  aUo,  and  aa  H 
passes  the  original  mark,  we  may  conclude  that  it  not  only  expand^ 
bat  expands  more  than  the  veeael  which  contains  it 

3.  OoaetL — ^The  globe  in  Fig.  183  contains  air,  which  is  »e[)anit«<l 
from  the  external  air  by  a  small  liquid  index.  We  have  cmly  to 
warm  the  globe  with  tlie  liands  and  the  index  will  be  sc«n  to  be 
ptuhed  quickly  upwards,  thwi  showing  Uiat  gaAtai  are  oxcvt>diD};ly 
expsniibk'. 

379.  Oeneral  Idea  of  the  Tbennometer. — Since  the  volume  uf  a 
body  is  ehangn)  by  heat,  we  may  specify  its  temperature  by  stating 
its  volume.  And  tlie  body  will  not  only  indiratt)  ita  own  t4>ni]ien> 
ture  by  this  means,  it  will  also  exhibit  the  temperature  of  the  IxhIim 
by  which  it  is  surrounded,  and  which  are  in  equili- 
brium of  ti-niperaturo  with  it.  Any  body  which 
gives  quantitative  indications  of  temperature  in>f 
ba  called  a  t]iennomet«r. 

280.  Choice  of  tlie  Thermometrtc  SofastaBee.— Jb 
the  expansions  of  ditlerent  substances  are  oc* 
exactly  proportional  to  one  another,  it  la  ne«t««aij^ 
to  Boli-ct  some  (me  subetanoe  or  combination  of  w^ 
fltanocH  to  furnish  a  sUndard;  and  the  ataDtlml 
QHunlly  adopted  is  tJic  apparent  cxpamiiuu  of  laig  ■ 
oury  in  a  ^nuluatcd  glam  veeeel.  The  initnuno&i 
which  exhiliit^  thb  expansion  is  called  the  aatOBm^ 
rial  thi^riiiouiut^r.  It  consists  essentiaUy,  as  sbiiiV3 
in  Fig.  184,  of  a  tube  of  very  small  diameter, 
the  stem,  terminating  in  a  reservoir  wbicb,  w 
its  shape,  is  usually  called  the  hulb.  The 
and  a  portion  of  tiie  tube  aro  tilled  with  mi 
If  tlie  tenifKtmlurc  variea,  tlie  level  of  tha 
will  rise  or  fall  in  the  tube,  and  tlie  poitila 
which  it  Htandt  can  be  identified  by  meant  ot 
bCate  attacliwi  to  or  ingraveil  on  the  tube. 

S81.  OoDBtTaotio&  of  the  Mercurial  Thermometer. — The  oonstm 
of  an  accurate  mercurial  thermometer  is  an  operation  of  great  deliewT^i 
and  comprises  the  following  proci-etcs. 

I.  Choux  of  the  Tube. — The  fintt  object  is  to  procure  a  tube  ol 
uniform  bore  as  possiUe.    In  order  to  tmt  tite  uniformity  of  llil 
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bor*,  a  mnftll  onlumn  of  inunniiy  is  introduced  into  the  tube,  and  the 
agth  which  it  oecupics  in  iliOVrpnt  parts  of  the  tiilie  is  mcMurod. 
I  In^Uu  AM  noi  Mjual,  Uio  lulxs  is  iiut  of  uniform  bore.  Wlicn 


It  «1  Um  UaeoiT. 


-  '  '^ennoineter  of  great  precision  ta  retitiinxl,  tlie  tube  la  ctUibrated; 
1^  i»,  ilivided  into  parlA  of  equal  volume,  t^  mai-king  upon  it  Ui« 
^%^^  occupied  b)-  Uie  column  in  its  diff«reDt  positions. 
'^'Iki'n  a  suitable  tube  lia^  been  obtained,  a  men'oir  is  either  blown 


rtf  IM -rnnuo  lor  InUBf  TlwrmunHUn 


i  MM  end  or  attacbvd  by  meltiitg,  the  former  plan  being  usually 

(KibnLlt. 
J   t  Iittroduction  of  th«  Afrrcury. — At  the  upper  »nd  of  tho  tube  a 
Unponij  Imlb  is  blown, and  drawn  out  to  a  point,at  which  there  is 
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a  small  opening.  ThU  bulb,  und  &l«o  thu  purmanf^nt  bulb,  are  geotij' 
heated,  aod  tlio  point  i»  t1i«n  iinmcniiid  in  a  vi.-«m)  cuntaitiiui;  mtv- 
eury  (Fig.  IB5).  Tho  air  within  thi:  iii.-struiiicnl,  ^^win^  coUl. 
diminUhcA  in  expannive  force,  so  that  a  r|iianUty  of  inoixnir}-  is  focoad 
into  the  temporary  bulb  by  the  preesure  of  tlie  atiiifuphere.  Tht 
instrument  is  then  set  upritfht,  and  by  alternate  heating  and  oooliog 
of  the  pennanent  bulb,  a  large  portion  of  the  mercury  is  caused  to 
dcxcond  into  it  from  the  bulb  at  the  top.  Tito  instrument  u  Uuo 
laid  in  a  sloping  position  on  n  special  funnicc  (Fig.  \^C>)  till  the  mer- 
oiiry  boils.  The  vapour  of  (he  boiling  mercury  drives  oat  th«  air. 
and  wlion  the  mercai^  coola  it  forma  a  continuous  column,  filLii^ 
the  pernisnent  bulb  and  tube.  If  any  bubbles  of  air  are  seen,  the 
operation  of  boiling  and  cooling  is  repeated  until  they  are  expelled. 
3.  Determination  of  the  Fixxd  Poiui«. — Tho  instrument,  onder 
Uiccw  conditioiif).  and  with  any  scftlc  of  equal  paii«  marked  on  the 
tube,  would  of  course  indicate  varioiioiu  of  temperature,  but  IheM 
indication!)  would  be  arbitrary,  and  two  thermometers  »o  cotutnictad 
would  in  general  give  different  indication!!. 

In  order  to  insure  that  the  indications  of  different  themomo 

may  be  identical,  it  has  been  agreedij 
adupt  two  standard  temperatures,  wb 
can  cajulj  be  reproduced  and  mia 
tainod  for  a  cuusiderable  timo,  a*d 
denote  them  by  i\x.ts\  ntimbers. 
two  temperatures    are   the   fr 
point  atul  boiling-point  of  n*at«ri  <ri 
speak  more  strictly,  the  tempftr 
of  melting  ice,  and  the  tempanto' 
of  the  »t«itii  piven  off  by  water  ' 
ing  under  avtrago  atmospheric 
■■,)   sure.     It  ha.s  biH-n  ofcaerved  thai  if  I 
thermometer  be  surrounded  wilb  nwl 
•     ing  ice  {or  melting  snow),  the 

under  whatever  circumstances  ibe  i 
poriment  is  porforrnvd,  invariably  stops  at  the  same   point, 
remains  stationary'  thi-rc  as  long  as  the  mflting  continnes. 
then  is  a  lixod  tempcraturo.     On  tlie  Cvntignule  Kale  it  is  coUs'' 
KrcH  on  Fahrenheit's  scale  32*. 

In  ordrr  t^i  mark  this  point  on  a  thermoiiieter,  it  is  onrraitBdsd  bjT 
melting  ice.  which  is  contained  in  a  perforated  vessel,  ao  ••  to  I 
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w  prod»«><l  \ty  nK'ltintr  to  ewap.?.  Whrti  the  love]  of  the 
Kury  oeuuM  to  vnry.  a  lunrk  is  niadt^  oo  the  tube  with  «  fine 
InoDd  At  the  oxtromtty  of  the  mercurial  oolumn.  Thtsiflft^qut-titly 
r1  for  brnvity  thv  frwisinfj'poirU. 


b««u  obiiurvi.'*!  tilut  if  water  bu  niaile  to  boil  in  anopun 
F*(awl,  ttod«r  avi-ragu  atu)o»|)lK<ric  pntxiuiro  (76  eentiii>utx«H. 
:  iitGbM),anJ  If  tlio  thennometer  be  plunged  into  the  Ht«&tn. 
kusvary  ataiiila  at  the  munt  point  during  the  entire  time  of 
Ktion.  proTi<led  that  the  external  prepare  does  not  change.  Thin 
Lllxi^l  t^Miipcrature  i^  called  100°  in  the  Centigrade  scale  (whenoe 
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tlie  name),  imi  21 2^  on  Falironheit's  wsle.  In  order  to  ma 
seeond  point  on  tlic  tlicrmoiueter,  «d  apparatus  is  i-nipluy^.'O  vrbidi 
was  devised  b;  Qay-Lusnac.  and  pcrr«ct«d  by  Kvf^nulL  It  coiuMb 
<4  a  oopper  boiler  (Fig.  188)  containing  water  which  is  raisud  to 
ebullition  by  means  of  a  furnace.  The  st«am  circulat«a  ttiruugfa  a 
donble  casing,  and  escapes  by  a  tube  noar  the  bottom.  T\w  tber- 
monictor  is  fixed  in  the  iutcrior  casing,  and  when  tlie  mcrcory  !■■ 
become  stationary,  a  murk  ih  niadv  at  the  point  at  which  it  stoja, 
which  danotw  wliat  is  commonly  called  for  brevity  the  binling-poinL 

A  small  tnanometnc  tube,  open  at  both  ends,  eervos  to  abow,  by 
the  equality  of  level  of  tlie  mercui^  in  ita  two  branehoN.  that  the 
ebullition  is  taking  place  at  a  pressure  equal  to  that  wliich  prevail* 
oxtemally,  and  conaequotitly  that  the  steam  is  escaping  witli  suffi- 
cient freedom.     It  frequently  happens  that  the  external  preMsun  i* 
not  exactly  7C0  niillimotrcs,  in  which  cose  the  boiling-point  sliouM  be 
placed  a  little  above  or  a  little  I>elow  tlic  point  at  which  tHc  mer- 
ctiry  remains  stationary,  according  as  tlie  pnvmure  is  less  or  greatv 
than  thi»  standard  pressure.     When  the  ditference  on  either  sM»  k 
tncoiL4i<)erable,  the  position  of  the  Itoiling-point  may  be  rougklj  a)- 
culfited  by  the  rule,  tliat  a  difference  of  27  millimetrea  in  the  pn*- 
sure  causes  a  ditfercnce  of  1'  in  tliu  temperature  of  the  eteain  pro- 
duood.    Wo  shall  return  to  tliis  point  in  Chap,  xxxii 

It  now  only  reniaina  to  divide  tlie  (Hirtion  of  the  instrument  betvM 
the  freezing  and  boiling  points  into  etiual  |>art«  K^rrcspondiiig  l4 
single  degrees,  and  to  continue  the  division  beyond  the  Bxed  poiab 
Below  the  zero  point  are  marki.'il  the  numbers  1.  2,  3,  kc^  Tbo 
temperaturos  arc  oxpivssed  with  the  sign  — .  Thus  the  l4!iii|Ma- 
tun)  of  17"  below  wjro  is  written  — IT*. 

S83.  Adjustment  of  the  Quantity  of  Mercury.— In  ardor  tasnU 
complicating  the  above  expluiation,  wt-  have  otiiitti'd  to  conaldtt*' 
operation  of  great  importance,  which  sltoulil  precede  tl)UM>  wludiw 
have  just  described.    This  is  the  detenninntion  of  tlic  volume  wlutk 


must  be  given  to  the  reservoir,  in  order  tliat  the  instniin«nt  may  Ion* 
the  requirod  range,  ^^'n  Uie  reservoir  ts  cylindrical,  this  is  Msilj 
eSvct4M)  in  the  following  manner.  Suppose  we  winh  tlic  thcnnoawM 
to  indicate  teuijieratures  comprised  between  — 21)'  and  130*  CtiiL,M 
that  the  range  is  to  bo  150°;  the  reservoir  ia  left  open  at  0  (Fig.  188)t 
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rHHetJ  Uirnugh  this  opening,  whidi  U  ihvn  hcrmetioJIy  scaled. 
Utrutnent  ia  then  iiniuersed  in  two  bathu  whcMe  tctuporatur«t 
,  my,  by  50°.  and  the  mercury  riaea  thn>ugh  a  distanoe  m  m', 
length,  if  the  (juantity  ot  luerenrj-  in  the  rescj-voir  ho  oxsctly 
ml,  bIiouM  hu  tho  third  part  oE  the  length  of  th«  nteni.  The 
jty  of  uicrtnir}-  in  tliv  ri»ur\-oir  is  always  taken  too  largo  at 
K>  tbat  it  has  only  to  bo  rc<Iuc«d,  and  thus  thu 

tiSTencd  by  tiio  liijuid  Li  at  first  too  great. 
)M  it  to  be  CM]ual  to  jtha  of  tlie  length  of  the 
The  degrees  will  tlien  he  too  long,  in  tho 
I :  }s)-:  that  is,  the  rceervoir  is  {  of  what  it 
i  be.  We  therefore  measure  ofl'  Jths  of  tho 
1  of  tbe  reservoir,  beginning  at  the  end  next 
era ;  this  disliiooa  la  nuu-ked  by  a  line,  an<l  the 
)  is  Uiun  broken  and  the  mercury*  KutriTinl  to 
k.  Tbe  glaw  is  then  melted  down  to  (he 
id  line,  and  the  reservoir  is  thus  brought  to 
toper  dimensions.  It  only  remains  to  rc-gulate 
bauU^  of  mercury  admitted,  by  making  it 
(B  tube  at  the  higtitst  toinpcruturo  whidi  tho 
tmenl  is  inteudinl  to  indicatv. 
the  leaervoir  were  spherical,  whieh  in  a  HhHpe 
ally  ill  adapted  for  delicate  tliennometers,  the 
tmg  process  would  be  ioapitlicable,  and  it  would 
iMmity  to  determine  the  proper  size  by  trial. 
I.    Tbermometrie    Scales. — In   tho   Centiffntile 

the  freezing-point  is  marked  0°,  and  the  \fn\- 
biat  100°.  In  RAtumur'o  scale,  which  i»  still 
hrly  nsod  on  the  Continent,  the  fnvzinf;-]>oint 
h>  marked  0*,  but  tho  boiling-jioint  is  marked 
iHenee.  5  di^rees  on  the  former  scale  aro  equal 
to  the  latter,  and  the  reduction  of  temperatures 

one  of  thestt  scales  to  the  other  can  bo  ctlV-ctvd 
laltiptying  by  |  or  |. 
t  example,  the  temperature  73*  Centigrade  b  the  same  an  60" 
iaor.Mn<M7oxt=:()0;and  Uie  teniiijerature  SO"  IWaumiir  'a  the 
las  45°  C^ontigrade,  sinrv  SG  X  {  =4A. 

»  raUtiun  tMttweim  eitlior  of  tliese  scales  and  that  ot  Fahrtnhtiit 
:  tatiTv  cfjmplicatod,  inasnnicli  as  Fahmnbeit's  xcro  is  not  at 
iiiut,  Wt  at  32  of  his  degrees  below  it 
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As  legBrda  intervals  of  tenipemtiire,  180  degreisi  Fnlintil 
eqaa)  to  100  Centignido,  or  to  80  It^auinur,  aud  hencv,  ii 
terms,  9  degrees  Fuhrenbeit  are  equal  to  5  Centigrade,  or  to  4 
R«.^uti)iir. 

The  convcreion  of  tcinpcntturcs  thiimsulvM  (as  distiogaished  &ain 
inUTvalx  of  t«nipvnituru}  wilt  be  best  explained  by  a  few  *Y""trlfi 

£xanipl<!  I.  To  (iiul  what  teu))ii>r»turcH  on  the  otli«r  two  Hcalek 
ore  eqtiivalent  to  the  temperature  50"  Kohreiibeit. 

Subtracting  32,  we  see  tJiat  thia  temperature  \a  18  falireabait 
d<src«e  above  freering-point.  and  as  tbis  interval  is  cc|uiv&lcnt  lo 
18  X  f,  that  is  10  Ontit^railu  ik-grvvs.  or  to  18  x  J,  that  is  8  K^aumw 
dograeSfthe  C(|uivaleiit  tenipemturui  are  r««|>cctive]y  10*  CcnUgnife 
and  8*  B^umur. 

Example  2.  To  find  the  degree  on  Falirenbeit's  scale,  whidi  ii 
equivalent  to  the  temperature  25°  Centigrade. 

An  interval  of  S5  Centigrade  degrees  is  equal  to  2'^x  I,  tlttt  b 
i5  Falin-nlioit  de^frvoti,  and  tlie  t«itiporaturo  in  question  ia  abon 
frci*zing' point  by  this  amotmt,  Tliu  number  di-iiutiug  it  on  Fahm- 
belt's  aonle  a  therefore  32+45,  tJiat  is  77°. 

The  rules  for  the  eonvcntion  of  tlie  three  themiomctrie  tcala  mtf 
be  summed  up  in  the  following  formula,  in  which  F,  C,  and  Bilenofc 
equivalent  temperatures  expressed  in  degrees  of  the  three  Bcales>- 

It  ii;  usual,  in  stating  (emporaturcs,  to  indicate  the  srale  refemd  ■* 
by  tlic  abbreviations  Fahr.,  Cent,  JUim.,  or  more  briefly  hr  (U 
initial  lettora  F.,  C.  R. 

284.  Displac«meat  of  the  Zero  Fotat. — A  thermometer  left  to  tti^ 
after  ))cing  made,  gnulually  uiidei^oes  a  contraction  of  th«  !*& 
lending  to  a  uniform  error  of  excess  in  its  indicationa.  This  plxi^ 
meiion  U  attributable  to  molocul&r  chango  in  thi-  gloss,  which  h«k** 
to  apeak,  boen  tempered  in  the  construction  of  the  instrumuRl,  W 
to  atmospheric  pressure  on  tlie  ext4>rior  of  tlte  bulb,  which  it  oBfr 
sistod  by  the  internal  vaeuiini.  llio  change  is  most  rapid  at  M> 
and  usiuilly  beconica  in.-M;ivtibl<!  afh-r  a  yMT  or  •o.nnli'M  thi-  HMtaP- 
m«t«r  is  subjwted  to  extreme  temporatnreai  Its  total  atnounl  i* 
usually  about  half  a  degree.  On  account  of  tliis  change  it  u  k!vv> 
able  not  to  graduate  a  thermometer  till  some  time  after  it  ha»  Imb 
sealed. 
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05.  Sensibility  of  the  Tbormomoter. — Thi-  power  n{  tlio  imtrumonl 
letoet  very  eiu&II  liiflorciicut  of  bL-niperature  may  be  regaixled  as 
jpimd  by  Uiti  len^li  uf  tliv  degreiM,  which  is  proportioDal  to  the 
irity  of  tbo  bulb  directly  and  to  th«  section  of  the  tulw  invereoly 

DOM  of  ftction.  on  tiie  other  Iianil,  re(]iiire»  that  the  bulb  bo 
ll  in  ftt  teafit  one  of  it»  dimenHionn,  so  that  no  jiart  of  Uie  mercury 
D  be  ^  removed  from  the  exterior,  and  also  tltat  the  glass  of  the 
1^  be  thin. 

fcliekow  of  action  is  important  in  measuring  t4!niperatui-es  which 
f  impidlj.     It  should  also  be  observed  that,  as  tJie  thcniiometor, 

Eng  to  tlifl  t«mponkturo  of  any  Ixxly.  noconarily  cau84»  nn 
change  in  the  t«mpeniture  of  that  body,  it  follows  that  when 
a  of  tlio  body  to  be  investigated  ia  very  small,  the  thermo- 
■r  itself  .ihniild  be  of  extremely  small  dltiiensions,  in  order  that 
By  not  cause  a  senaiblo  variation  in  the  teuiperatoro  which  is  to 
red. 
Aicohol  Thermometer.— In  the  construction  of  thcrmometeni. 
Iii|uttl)i  may  be  introduced  instead  of  mercury;  and  alcohol  is 
'b«qa«nUy  L^nlployod  for  this  purpose. 

hort  Uiv  iliMdvantag*  of  being  slower  in  it«  action  Uioa 
T.  on  account  of  it^  inferior  conductivity;  hut  it  can  be  em- 
Bvd  for  lower  temperatures  than  mercury,  as  the  latter  congeals 
M9*  Cent.  ( — 3S'  Fohr.),  whereas  the  former  has  never  congealed 
ny  temperature  yet  attained. 
u  alcohol  thermometer  is  so  graduat<Hl  as  to  make  it  agree 
I  a  mercurial  thermometer  (which  is  iho  usual  practice),  its 
I  will  not  be  of  equal  length,  but  will  become  longer  ns  we 
on  the  aealo.  If  tnenury  is  n'gRrdcd  as  expanding  eijitally 
I  t«iDpeTiit«tn«,  alcohol  must  bo  described  oa  expanding  more  at 
I  than  at  low  temperatures. 

8elf-rafi«teriBg  ThermometerB. — It  is  often  important  for 

{ical  purposes  to  have  the  means  of  knmrin;;  Ihu  highest 

I  lowest  temperature  that  occurs  during  a  given  intcn-ol.     In- 

iotendcd  for  this  purpose  ore  called  maximutii  and  roini- 

1  tbannometen. 

oldaet  insfentmont  of  this  cbiss  is  ^x's  (Fig.  ini),  which  is 

I  a  maximum  and  a  minimum  thermometer.     It  bus  a  large 

bulb  0  RIImI  with  alcohol,  which  also  occupies  a  portion 

I  tabs.  The  remainder  of  the  tul>e  is  partly  filled  with  mercury. 
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wLich  occupiM  a  portion  of  the  tube  shaped  like  the  1«U«r  U,  ottr 
extremity  of  tliv  tiK-rcurinl  column  bein^  in  contact  with  the  alcohol 
abcadij  mcnttonod,  while  the  other  extremity  is  in  contact  with  a 
woond  column  of  alcohol;  and  lieyond  this  th«re  ts  a  suial)  space 
occupied  only  with  air,  so  lui  to  lyavo  room  for  the  expansion  of  thp 
liquids.     Wlien  tliu  alcohol  in  the  htilb  ex- 
pands, it  pusJics  the  mercurial  column  bcfor* 
it,  and    when   it   contracts   tlie   mercurial 
column    follows    it.     Tho    iixtnoroe    fumU 
reached  1^  the  two  ends  ol  tJte  wcrcuml 
column  are  registered   by  a  pair  of  U^ 
steel  indices  c,  d  (shown  on  on  enlarged  Male 
at  K),  which  are  pushed  before  the  ends  uf 
tltc  oohimn,and  tlion  arc  held  in  tbeir  plaot* 
by  springs,  which  ore  just  etfong  enough  to 
pruvent  nlipping,  no  that  the  indlceti  do  nol 
follow  the  mercury  in  ita  retreat.     On»  it 
the  indices  d  registers  tho  maximum  and  t^ 
other  c  the  minimum  temperature  whid)  hat 
occurred  since  the  instrument  was  last  Ml 
I'he  netting  oon»i.itA  in  briii(,'ing  the  iadiw 
into  contact  with  the  ends  of  the  mertariil 
column,  and  is  usually  e fleeted  by  mean  rf 
a    magnet.      This    instrument    in    now,  oB 
account  of   its  complexity,  little  oaed.   H 
puiue!wes,  howcvor,  the  advantages  of  Itfaf 
'-'jually  quick    (or  slow)  in  its  actian  Cv 
I  iixiiiium  and  minimum  temperatures,  wM 
ia  an  important  property  wheo  these  Urn- 
peraturea  are  mode  the  foundation  for  the  eoinputaUoo  of  the  mm 
temperature  of  the  interval,  and  of  bong  better  able  tluu  M^ 
of  the  self-rc^stering  thermometers  to  bear  slight  joltii  witksnl 
diaiurbonce  of  the  indices. 

Rniherfimts  self -registering  thomiometors  are  frequently  uonnli' 
together  on  one  frame,  as  in  Fig.  19S.  but  are  ncvertliekta  dMM^ 
instruments.  Uis  mtrn'mitm  tlicnnonieier,  which  is  tlie  only  i 
tiiun)  thermometer  in  general  use,  tuis  alcohol  for  its  fiuid.  i 
always  placed  witli  its  tube  horixontal.  or  nearly  sa  In  the 
column  there  is  a  small  index  n  of  glass  or  enamel,  shapod 
dumb-belL 
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cintracUon  oocnrt,  tho  in<Iox,  Wing  wetted  by  th«  Ii<niid,  is 

backwards  by  the  contractile  foroj  of  tlio  superficial  tiliti  whicb 

the  vxtremity  of  the  liquid  column  (§  185);  bub  when  expaniuoD 

placo  the  iodox  ninaiiu  statioimry  in  th«  interior  of  the  liquid. 

the  uiininium  teuiptrnture  is  indicated  by  tb«  posilion  of  the 
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ni  tac— BMIintgnl't  Uuliaomand  lllabninBllinniMiialcn 

id  Aod  of  the  ind«x.  Tho  instrumcDt  is  set  by  inclining  it  so 
Pt  tim  index  slide  dovru  to  tho  end  of  tlic  liquid  column. 
ooly  way  in  which  this  iimtrument  is  liable  to  dera&gcmeuth 
I  purtioo  of  tho  spirit  e%'aporeting  from  the  column  and  becom- 
ndwiied  in  the  end  of  the  tube,  which  usually  terminateti  in  a 
bollx  When  tlie  portion  thus  detaclied  ia  large,  or  when  the 
1  of  Rpirit  becomes  broken  into  detached  portions  by  rough 
In  tnvi-lling,  "let  the  thermometer  bo  takeu  in  the  hand  by 
id  farthest  bom  tht^  bulb,  raised  above  the  head,  and  then 
y  swunt;  down  towards  tho  feet;  tlio  object  being. on  the  prin- 
E  oeotrifugal  force,  to  Hcnd  down  tli«  detached  poitivn  of  spirit 
iitnltflB  with  the  column.  A  few  throws  or  swinging  strokes 
Hwnlly  be  luflSeicnt;  after  which  the  thermometer  should  be 
:  in  a  alanting  poaitjon,  to  allow  the  rcet  of  tho  spirit  still 
bg  (o  the  sides  of  the  tube  to  drain  down  to  the  column.  But 
Ir  method  must  be  adopted  if  the  portion  of  epirit  in  tlie  top  of 
be  be  nitftU.  Heat  should  then  bo  applied  slowly  and  cautiou.tJy 
«od  of  the  tube  where  the  detached  portion  of  spirit  is  lodged; 
tins  tamed  into  vapour  by  the  heat  will  condense  on  the  eur- 
t  the  unbrokou  culutnn  of  spirit.  Care  should  bo  taki-u  tliat 
at  U  not  too  quickly  applied.  .  .  .  The  bent  and  safest  way  to 
the  recjoixite  amount  of  heat,  is  to  bring  the  end  of  the  tube 
down  towards  a  minute  flame  from  a  gas'hunier;  or  if  gas  is 
In  bad.  a  piece  of  heated  metal  will  Kcrve  instead."' 
icrfonl'o  m^ximnm  theniionict^r  i.*  a  mercurial  thfriiiomt^^ter, 
bo  »teMi  placed  boriiwn tally.  an<l  with  a.  stttl  index  c  in  tho 
de  the  mercurial  column.     When  oxpoaiion  occui»,  the 
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Index,  not  boLng  wetted  by  the  liquid,  is  forced  forwar<b(  tiy  th«  coo- 
bnctilu  force  of  the  aupcrfictaJ  film  wliicli  foniiH  the  extremity  (tf  th« 
liquid  oolunin  (§  185);  but  when  contraction  takes  place,  the  iodax 
remaiat  Rtationory  outside  the  liquid.  Uence  the  m&ximuiu  tem* 
)>eratui-G  U  indicated  by  the  position  of  the  lockwanl  end  of  Um 
index.  The  inatnuaent  is  set  by  bringing  the  index  into  oontaet 
with  the  end  of  the  liquid  column,  an  operation  which  is  usoally 
e6i>ct«d  by  mi-ans  of  a  mapict. 

This  thermotnetor  in  liable  to  get  out  of  order  after  a  few  years'  ok, 
by  ehemieal  action  upon  the  surface  of  ih<;  index,  which  causes  it  to 
becoma  w«U«d  by  (Jie  mercuty,  and  thus  rvudcni  the  iostrunent 
uaelcm. 

Pkitlipt'  maximtun  thennntnoter  (invented  by  Profowor 
the  eminent  geologist,  and  made  by  Capita)  i8  recommended  for* 
in  the  official  Instrwtions  for  Taking  MOeorological  OhnrmUimt, 
drawn  up  by  Sir  Ilenri'  James  for  the  use  of  the  Koyal  Enginn^i 
It  ia  a  mercurial  thermometer  not  deprived  of  air.   It  has  an  exceed- 
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ingly  fine  liore,  and  the  mercurial  column  is  broken  hy  the  iiwftfai 
of  a  Auiall  i>ortion  of  air,  T\w  instrument  is  set  by  reduoni;  (Hi 
portion  of  air  to  the  Kinalb-^t  dimensions  which  it  can  be  naik  K 
assume,  and  ia  placed  in  a  horiz/jntal  position.  When  tlir  mvrcaiT 
expands,  it  pushes  forwards  tliut  inter\*ening  air  ami  f'  '  '  ' 
eolumn  of  mercury  beyond  it;  but  when  oontractJoo  t«K  , 
intervening  air  expands,  and  the  detached  eolumn  reinaiiiii  uuiiMWi 

The  detjicliod  column  »  not  easily  shaken  out  of  On  fdae^ol, 
when  the  boro  of  the  lube  \&  madu  sufficiently  narrow  the  inxtrunNtJ 
may  even  be  used  in  a  vertical  poHition,a  pro|>orty  which  is  oOal 
great  service. 

In  NcgretU  and  Zambra's  oiaximum  thermoDieter  (Fig.  104),i 
b  employed  at  the  Royal  OljHcn'atory,  Gr^enwidi,  tlwi*  ll  i 
obstruction  in  the  bent  [xirt  of  the  tuW,  near  the  bolH  *UA 
barely  leaves  room  fur  the  mercuiy  to  i^tA  when  forced  up  ^ 
expansion,  and  is  sufficient  to  prevent  it  tttaa  returaing  when  tb 
bulb  eooU. 
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Tli«  objuetion  chinfly  urged  agniiMt  this  bhcnnoiui-tL<r  U  lh«  extrome 
ibilitjr  of  the  detached  oolumn,  which  renders  it  vur>-  luMb  to 
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■wWiiiltl  displacemvnC;  bat  in  the  hands  of  a  skilful  observer  this 
of  no  uiutucut.  Dr.  fi&lfour  Stvwnrt  {Elementtxt'y  Treatise  mi 
Meal,  p.  20,  21),  bbj-s: — "  Whtii  iwud,  Uw  Bteid  of  tliin  imttrumcnt 
eo^t  to  ba  inelinetl  downwardn.  ...  It  doeo  Dot  matter  if  tho 
BOhtmn  past  the  obstruction  go  down  to  the  bottom  of  tho  tube;  for 
whtn  thfi  toAtniin«at  is  read,  it  is  gently  tilted  up  until  tliLs  detacliod 
Mlnmn  flows  back  to  the  obstmction,  where  it  is  arrested, 
Li»  end  of  the  column  will  then  denote  the  tnaximum 
iMnporatun.  In  resutting  tb«  iustrumvnt,  it  in  necessary 
toahaka  tli«dutach«d  ooluran  past  tJte  oL«truction  inonk-r 
to  Bll  up  the  vwauacy  loft  by  Uie  cotitractiou  of  tho  fluid 
after  tho  naxiinuni  hod  been  reached." 

Dnr-SKA  A.\D  Wkll  I'ukruomitbiis. — Self-registering 
IhnTDoinctcrs  intended  for  observing  at  great  depths  in 
'nivr  should  be  inclosed  in  an  outer  cose  of  glass  herme- 
tiially  sMd«d,tbe  intervotiing  space  butng  oocupiixl  wholly 
«  lairtly  by  air,  so  that  the  pnMBUn)  outaido  may  not  bo 
taanoHtcd  to  thu  t)u'rnioiitet«r.  A  tJ)ennoiD«ter  not  Oius 
•■  pnUdcd  giwa  too  \\\s\i  a  reading,  because  tlie  conii>ri.vf 
WO)  uf  tJ)«  bulb  forces  the  liquid  np  the  tube.  Tht:  in»tru- 
ttoit  npnaented  in  Fig.  1!)S  was  designed  by  Sir  Wiu. 
IWooa  fur  the  Committee  oa  Underground  Temperature 
>||«st«d  by  the  British  Association.  A  is  the  protecting 
B  th«  Phillips'  thcrrmomcter  inclonc-d  in  it,  am!  sup- 
by  three  picccM  of  oork  ccc  A  hiuuII  qtuuitity  of 
*  occupiaa  the  lowvr  part  of  the  oaao;  of  is  the  air- 
chanct«iUtJc  of  I'hilli[w'  Uiemiometi^r,  and  scning 
upatat*  000  portion  of  tJie  mercurial  ailumn  from  the 
In  the  figure  tlits  air-bubble  is  represented  an  es- 
by  the  dosount  of  the  lower  portion  of  rnvrcury, 
the  upper  ptirtioa  remains  suspended  by  aiiht»uoii.  Thli  in* 
imnot  has  bt-ea  found  to  register  corrucUy  oven  uudvr  a  oressure 
Uma  to  thtt  Mjuare  inch. 
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The  uso  of  the  spirit  •  b  to  bring  tbe  bulb  more  qoiekly  to  tbo 

t«mpcr«turo  of  Die  surrounding  niodiuui. 

Anotlier  infitruinent,  desigoed,  like  Uio  foregoing,  for  obacn'atioiu 

in  wells  and  boringe,  is  Walfcnlin'«  maximum  Utermometer  {Fig. 

196).  Its  tube  terminates  above  in  a  fin«  point  opouiog  ioto  a  cari^ 
of  considcrabto  axe,  which  coDtaint  a  gutfidi'nt  quantity  of 
mercury  to  covvr  the  point  wlion  thti  inHlrumoJit  i«  invurted. 
Tliu  instrument  itt  set  by  placing  it  in  tlii»  inverted  poMtkn 
and  wanning  the  bulb  until  the  niorcuiy  in  the  stem  rcachi 
th«  point  and  becomes  connected  with  the  mercury  in  th* 
cavity.  The  bulb  is  then  cooled  to  a  temperature  luwer  titta 
that  which  is  to  bo  obsurvcd;  and  during  tbe  operation  of 
cooling,  mercury  cntcm  tho  tube  so  aa  always  to  keep  it  fuU. 
^e  inatnuDcut  in  then  towered  in  tbe  erect  poaitton  into 
tlie  bore  where  observations  are  to  be  made,  and  urbeo  tba 
temperature  of  the  inercur)'  ri»ea  a  portion  of  it  overflow! 
fi-otii  the  tube.  To  ascertain  the  maximum  t«mperat«« 
whicli  has  been  experienced,  the  inatrument  may  be  Ei»- 
mersed  in  a  bath  of  known  temperature,  less  than  that  «f 
thu  buring,  and  tlio  amuuiit  of  void  space  in  the  uppiv  put 

Iof  the  tube  will  indicate  the  cxocas  of  tbe  maximum  tua- 
jicraturc  experienced  above  that  of  the  bath. 
If  Uie  tube  u  not  graduated,  the  maximum  tempenls* 
can  be  ascertained  by  gradually  raising  the  tem|>eratin«  rf 
"•  ""  the  bath  till  the  tube  is  just  full. 
If  the  tube  i^  graduated,  the  graduations  can  in  etrictaOB  aalf 
indicate  true  degrves  for  some  one  standard  temperature  of  sfttii|i 
aince  thu  length  uf  a  tnie  degree  ia  proportiooal  to  the  (]uaDtiqr<f 
mercury  in  tbe  bulb  and  tube;  but  a  diflbrenee  of  a  few  deffieaii 
Uie  temperature  of  setting  is  immaterial,  atnce  10*  Cent  would 
alter  the  length  of  a  degree  by  about  one  six-hundredth  part 
S$6.  Thflrmopaph, — A  continuous  automatic  record  of  tba  t 
tiona  of  a  thermometer  can  be  obtained  by  means  of 
and  this  plan  is  now  adopted  at  numerous  obsenatorit-R. 
lowing  description  relates  to  tlio  RojtU  Obscrvatiwy,  Grv«nwidL 
sheet  of  sensitized  paper  is  mounted  on  a  vertical  cylinder  Jnst 
the  iiicreurial  column,  which  ia  also  vertical,  and  is  protected  fr> 
the  action  of  light  by  a  cover  of  l>)ackened  zinc,  witli  Uio  excsfilb 
of  a  narrow  vertical  strip  jwtt  behind  the  mercurial  column.  A  sim 
beam  of  light  from  a  Uimp  or  gas  flame  is  conoentrmted  by  a  cytiadri 
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,  so  iJmt  if  the  thermometer  were  empty  ol!  mercury  u  bright 
line  of  light  would  be  thrown  on  the  paper.  Aa  ttib  beam 
of  li^t  is  iaterccptcd  by  tlie  Diorcury  in  the  tube,  which  for  this 
pttrpoee  is  made  brood  u)d  lint,  only  the  portion  of  iho  paper  above 
the  top  of  tlm  nicrcuriiil  column  receives  the  light,  aad  is  photographi- 
cally affected.  The  cylinder  U  uia<lc  to  pcvolvo  slowly  by  clock-work, 
umI  if  Uie  mercury  Atood  alwaj's  at  the  .tame  height,  the  boundary 
bvfemaa  the  disoolourod  and  the  unaffected  part«  of  Uie  paper  wotild 
ba  liiwght  and  borizontAl,  in  (»nse(]uence  of  the  horizontal  motion 
of  tb»  paper  itsoll  In  reality,  the  ri^ng  and  falling  of  the  mercurj-, 
Dombined  with  the  horizontal  motion  of  the  paper,  causes  the  line  of 
■eparatioD  to  be  cun-ed  or  wavy,  and  tlie  height  of  the  curve  above 
a  oertaio  datum-Une  ia  a  measure  of  t!io  temperature  at  eadi  in.'ttant 
uf  the  day.'  The  whole  apparatus  is  called  a  tlenuoffrapk,  and  ap- 
panUua  of  a  «iinilar  diaracter  is  employed  for  obtaining  a  continuous 
photographic  recoid  of  the  indications  of  the  barometer'  and  mag- 
iwUo  inotTUmenta. 

289.  Metallic  Thennomoters. — Thermometers  have  sometimes  bean 

flonatnicted  of  solid  nictaU.     Breguct's  thi>t-momcter,  for  example 

(Vlf.  107).  consists  of  a  hi;lix  carrying  at  it«  lowvr  und  a  horiKoittal 

naadln  which  travonos  a  dial    The  helix  is  composed  of  tliree 

Mtollic  itrips,  of  ulvcr,  gold,  and  platinum,  soldered  together  so  as 

to  fonn  a  single  ribbon.    The  .lilver,  which  ia  the  most  expansible,  is 

fhtad  ia  the  interior  of  the  helix;  the  platinum,  which  is  the  least 

aiuiible,  OD  the  exterior;  and  the  gold  ser\-es  to  connect  them. 

WW  the  temperature  riitcs,  tlio  helix  unwinds  and  produces  a 

■MectioD  of  ti>e  needle;  when  the  tcmpcraturo  falls,  tho  helix  winds 

vf  nd  daBects  the  needle  in  the  oppositA  direction. 

%  108  ropreaenta  another  dial-thermometer,  in  which  the  ther^ 

Mbctric  portion  is  a  double  strip  componed  of  steel  and  braso,  bent 

I  Ibe  form  of  a  nearly  complete  circle,  as  shown  by  the  dotted 

I  in  the  Sgunk   One  extremity  is  fixed,  the  other  ia  jointed  to  the 


Mair  ipiBlrliia  ()>•  Mnpentam  cc«Tc^»ndJnff  t«  Oie  ivrionj  jnlnU  of  the  eurv« 
*  b4  Mwl  off  by  |irfar<t>oa  taa«iii|;UiUMm-I[ne,l>st  («■  niuiibcr  of  italiiiB-tinH  whiob 
^iMM  Ite  tliBiilcnn  u(  ■  act  (tf  Lnriionul  win*  (tntclxd  mtnm  lb*  tub*  erf  th*  tiicr- 
a*4*r  at  Mcb  ileent,  *  bnadei  «iro  Utng  plnocd  M  U*  deewla*,  uid  *bo  U  32*,  C3*, 

Ia  Mdar  Id  f<t«  loof  itgnm,  l^  bulb  et  thn  th«rtB««iMl4r  t«  Buda  vMry  larg^— «ii{bl 
9*m  1*^,  Md  ■<  i>(  •■  Ineb  In  latcnul  dUmaCa.— «}raMwMl  (MaoTtf^  IM7.} 
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ahorter  arm  of  a.  lever,  wliotte  longer  oxra  carries  »  toothed 
This  latter  vorka  into  a  pinion,  to  which  tlte  needle  ia  attwl 


lis  Uf .— BncDot's  TticniiuDHUr. 


r^  IM-MHilUa 


It  may  be  remarked  tliat  dial-tliermometera  ar«  vciy  well  i 
for  utdk&ting  tnaxitoom  and  tnintmum  t«nipemtunw,  it  boll 
neoeasavy  to  place  on  opposit«  sides  of  lite  nc-edlv  a  pur  of  ^ 
indicoB,  wliit-li  could  bu  ]>ii»hcd  in  oiUiur  din.-«tiun  acoonlii 
varintionji  of  tvinpc-nituro. 

Generally  qpeaking,  metallic  theimometers  offer  great  fa 
automatic  rej^strotion. 

In  Secdii's  meteorograph,  for  example,  the  t«mperature| 
cated  and  regis(er<^d  by  the  expansion  of  a  long  &trip  of 
17  metres  long)  kept  constantly  stretched  by  a  suitable 
ttXjMuuion  is  rendered  sensible  by  a  sj'stcn)  of  levers  cot 
Uie  tracing  point     The  tlienac^giaph  of  Hauler  nnd  luxhe 
of  a  steel  and  a  braaa  band  eonnected  togetJier  and  rolled 
form  of  a  »piraL    The  movable  extremity  of  the  spiml. 
upon  a  projecting  arm,  produces  rotation  of  a  8t«el  axis  vrbic 
the  tmeur. 

S80.  Pyrometera.— Metallic  tlicrmomcters  can  grmvallyj 
plt^'ed  for  meoMunn^;  higher  t^mperaturm  tluin  a  raercui 
moineter  could  bear^  but  lli^re  in  great  difficulty  in  const 
instroment  (o  measure  temporaturea  as  btgli  as  thoaa  of  It 
Instruments  intended  for  this  purpose  are  called 

Wedgwood,  the  famous  potter,  invented  an  upparatos  of  < 
consisting  of  a  gaug«  for  measuring  tlte  ooulraction  mi 
a  piece  of  baked  day  when  placed  in  a  furuace;  and 
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Ineed  into  tho  pwecliun  manufaotory  iit  Sevres  the  inRtnunont 
rMpresented  in  Fig.  199,  cotuusling  of  an  iron  bar  lying  in  a  groove 
ia  a  porcelain  slab,  with  one  end  abutting 
■gaiittt  thu  bottom  of  tlie  groovci,  nnd  the 
othor  projecting  through  the  side  of  the  fur- 
naoe,  where  it  gav«  motion  to  an  indicator. 
Noilher  of  tiims 
ltd  ha»,h(»w- 
been  fouii>l  to 
I  ooDsist«nt  in- 
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s,  and  the  only  instrument  that  'm  now  roliol  nn  for  tho 
netit  of  ver>*  high  temperatures  is  the  air-thermomoter. 
291.  Differeatial  Thunnomotcr. — Leslie  of  Edinburgh  invented,  in 
tlu)  boginuing  of  tlie  jfrcscnt  century,  tbo  instrument  shown  in  Fig. 
VM.  Ear  detecting  ainall  ditTuniuccs  of  tcmp«mtur(;.     A  column  of 
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^^iirio  acid,  coloured  rod,  stands  in  tlio  two  branches  of  a  bent 
•"^.ihc  (^xtremitiMof  which  terminate  in  two  etjual  bulbs  contain- 
■C  *ir.  When  both  globe*  are  at  the  same  temperature,  whatever 
U^  tvnipeniture  ntay  be,  the  liquid,  if  the  instnunent  is  in  cmler. 
4iad«  at  tho  name  h<.nglit  in  l>oth  branches.     This  height  b  marked 

I  Mm  00  both  acalM.     When  there  U  a  difference  of  temperature  be- 
tvwD  tliem,  tlw  expansion  of  the  air  in  the  warmer  bulb  produces  a 
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depression  of  the  liquid  on  that  side  and  an  equal  elevation  cm  Uw 
other  side. 

The  differential  thermometer  ia  an  instrument  of  great  aendldlit;, 
and  enabled  Leslie  to  conduct  some  important  investigations  (m  the 
subject  of  the  radiation  of  heat.  It  ia  now,  however,  superseded  by 
the  thenno-pile  invented  by  Melloni.  This  latter  instrument  will  ba 
described  in  another  portion  of  this  work.  Bumford's  thermosoc^ 
(Fig.  201)  is  analogous  to  Leslie's  differential  thermometer.  It  ditlers 
from  it  in  having  the  horizontal  part  much  longer,  and  the  vertical 
branches  shorter.  In  the  horizontal  tube  is  an  alcohol  index,  whidi, 
when  the  two  globes  are  at  the  same  temperature,  occupies  ezoc^ 
the  middle. 


892.  ExpaasioB.  Fietor  of  Expansioii. — When  a  body  expands  from 

nlome  V  to  volume  V  +  r,  the  ratio  ^  ia  called  tlie  expantion  of 

wlufiu  or  th«  cubical  expawnon  of  the  body. 
B      In  like  numncr  ]f  the  limgth,  brca«Uh,  or  thickncwi  of  a  body  in- 

tnmaea  Imta  L  to  L+l,  the  ratio  j-  is  called  the  linear  expannion. 

L     The  r»Uo  -y^  will  be  called,  in  thU  treatise,  the  /odor  of  cubical 

^gxmmon.  ainl  tliu  ratio  -^  ttie  factor  of  linear  tapangion,     la 

aaach  caw  Uii;  factor  of  «Ki)aiuiioit  is  ttniti/  jJus  the  expansion. 

Sbiilar  tlefitiitiotta  apply  to  expaasion  of  ania  or  superficial  expan- 
•'<»n;  but  it  i»  aeldotn  necaasary  to  consider  this  element  in  thl^r[nal 
fii^MnHions. 

S88.  Bclation  between  Linear  and  Cubical  Expansion. — If  a  cube, 
rKmoM  edge  is  the  unit  length,  expands  equally  in  all  directions,  the 
•o^M^i  of  each  edge  will  become  1  +1.  wht-re  I  is  the  linear  expan- 
ti^Mi;  ntui  Uic  votuino  of  the  cube  will  become  {l  +  t)'  or  1+^1+ 

Kn  the  oue  of  Oie  tlieimal  exptumion  of  (wUd 

'^^Jloi  t  U  alwayjt  very  small,  ao  tJiat  P  and  P 

'3*-*x  Iw  iirglectcd,  and  the  expansion  of  volume 

*  tliuefore  SI;  that  is  to  say,  the  cubUal  expan- 

*onw(ArMHm««  tt<  linrar  expansion.     This 

•  Uliutrated  geometrically  by  Fig.  202,  which 

'^nvcota  a  unit  cube  with  a  plate  of  thickntss 

1     1  and  Uiorofore  of  %'ohimc  I  appliixl  to  each  of  three  faoea;  the  total 

I     *t>UBe  added  being  therefore  S^ 

L      Similar  reuoning  shows  that  the  niperficial  axpafwfon  is  doubU 
B  ^tintartoepanmotk 
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These  results  havo  been  doducc^l  from  thu  euppoeiiion  of 
exj>aiuiion  iii  all  directions,  If  the  cxponsioDs  of  tliu  cube  io  ttie 
directions  of  tlireo  contorminouy  udges  be  douot<-d  by  a,f>,e,  the 
angles  being  suppoet-d  to  ri^iiitiin  right  iinglce.  the  volume  will  bMODO 
(l+<i){l+6)(l  +  '')  ■"■  i+'i  +  ff+c+ab+ac+bc+abc.  whicli.  when 
a,  h  luid  c  are  80  small  tliat  their  producte  can  be  aeglectod,  beoonea 
1+a  +  b  +  c;  «o  that  the  pxpan-nioii  of  vc^ume  is  the  sum  of  the 
expaii^ioiu)  of  length,  breadth,  and  tliicknees. 

S94.  Variation  of  Density. — Since  the  density  of  a  body  varies 
inversely  as  it<i  volume,  tho  di-usity  after  expatLviuii  will  be  obtained 
by  tliviiiiny  the  origiual  dcn.sity  by  the  factor  uf  expanaion.  In 
fact,  if  V,  i>  denote  the  volume  and  denaity  before,  and  V,  D'  after 
eximnsion,  the  mass  of  the  body,  which  reiQain.<i  unchanged,  is  eqoal 

to  V  D.  and  abo  to  V  D'.     Wo  have  thercfort-  p= Ji  =  ji-^,  when  * 

(lenot«8  tlie  expansion  of  volume,  and  therefore  1  +e  tlie  factor  of 
exjMnfiioa. 

Since  rr^  U  l—«-f  «*—<*+&«.,  it  is  Bciuubly  oqiuil  to  1— 0  urban  r 

k  small.     We  have  tlierefore  D'=D(1— e). 

296.  Koal  and  Apparent  Expansion. — ^lien  the  Tolnme  of  a  Uqald 
is  specitivd  l>y  tlio  numbi-r  of  divLsiuoA  whidi  it  occupies  in  a  gtadv- 
ated  vcasol,  it  is  ncccsMiTy  to  toko  into  aocoant  the  expansion  uf  tbr 
vessel,  if  wo  wixli  to  dut^^rriiino  the  true  cxpaosicii  of  the  Uqtiid. 

Let  a  denote  the  apparent  expansion  oompated  1^  din 
the  expansion  of  the  vessel  and  att«nding  only  to  Uie  oataber 
divisions  occupied.    Then  if  n  be  the  number  of  divisiona  1 
before,  and  n'  af  tvr  expansion,  we  have 

a'aafl^d). 
Let  <f  denote  the  real  expantuon  of  the  containing  vessel;  tbfin  if 
be  llio  vulumu  of  each  division  before,  and  cf  after  expanaioo. 
liave 

Let  m  denote  the  real  expansion  of  the  liquid.  Tlien  if  v  dsaoto  1 
rvol  volume  of  the  liquid  before,  and  t/  after  expaOKion,  wo  ban 

/=»  (!  +  ■». 
But  since  the  volume  v  coosists  of  n  parts  aaclt  haviufj  tlia 
d,  we  have 

and  in  like  manner 


luUL  jlnd  appabkkt  expansion. 


m 


^^MMtituting  for  i»'  and  <£  in  this  tut  wjuation.  wo  have 
^  ^  =  1.(1 +*l<ia+rt='U+<'j(i +11)1 

HB«nc«  w«  li&ve 

that  u,  tA«  /(i«for  n/  rml  taparmon  of  the  liquid  it  At  product  of 
lit  factor  of  real  expansion  of  the  veaael  and  the  factor  of  apparmU 
Multiplying  out,  we  hsve 

"m  Um  Una  ag,  being  tb«  product  of  two  small  quanUtiea,  io 
\j  Degligible,  we  httve  eeiuribly 

b,  til*  expanstoD  of  tlie  liquid  is  tlic  ftum  of  the  expon^on  nf 
be  glaaa  aod  tlio  apparent  expauuon. 

Tbia  investigation  is  applicable  to  the  tnercorial  tbemiometer 
vWn  the  capacity  of  the  bulb  has  been  expressed  in  degrees  of  the 
iMnu. 

SiniiUr  reasoning  appUm  to  the  apparent  cxpnrusiou  of  a  luir  of 

'  Mt  metal  as  measured  by  means  of  a  graduated  bar  of  a  lean  expan- 

le  mvtal.    The  real  expansion  of  the  bur  to  be  measured  will  be 

■ibly  equal  to  the  niui  of  tlie  ex]taiiNion  of  the  measuring  liar  and 

i^jMUcnt  expansion. 

fti  adflptjng  the  mercurial  tbermonieter  as  the  standard  of  teui- 

h'ra>turo  (Uio  tube  being  graduated  into  equal  parts),  we  virtually 

Mlopt  the  apparent  expansion  of  mercury  in  gloss  as  our  standard  of 

••••/orm  expansion. 

88&  Phyaical  Meaoing  of  the  Degreea  of  the  Uercurial  Tliennomet«r. 

Since  the  tttcm  of  a  mercurial  thermometer  is  dlnded  into  degr«ea 

**  ^Cfual  capacity,  we  can  express  the  capacity  of  the  bulb  in  degrees. 

**t  the  capacity  of  the  bulb  togetlier  with  as  much  of  the  stem  as  is 

*•*<»»  the  freezing-point  be  N  dcgrcre.  and  lot  th«  inter%'al  from 

^*»ing  to  boiling  point  be  n  degrees;  tJiea  ^  is  the  apparent  ex- 

V*B>i(Ki  of  the  mercury  from  frvi-ztng  tu  boiling  point.    When  the 

■^^*ntignde  MUkle  l»  employed,  tliiM  ajiparent  expansion  is  -^-i  and  Uie 

at  expulsion  from  scro  to  f*  is  jj.   Henoe  the  apparent  exjiau- 

*«  from  xcro  to  f*  is  n^  of  tbo  apparent  expansion  froni  xero  to  100*. 

tin  but  statement  constitutes  the  definition  of  the  temperature  t* 
|*W  the  mercuria]  thermometer  is  regarded  as  tlio  standard. 


260 


HATHEHATICS  OF   EXPANBIOW. 


297.  Comparabilltr  of  Mercurial  ThenDoinet«rB. — If  two  mercoriU 
tticrmuiiivtoTv,  iMkch  of  thciu  coustnictod  »o  as  to  have  ita  dogna 
ri^iiroti^ly  c'liuil  in  capacity,  agree  in  tb«ir  indications  at  all  ttua- 
peratures,  Uie  above  investigation  sI^owb  tliat  the  apparent  ex[ias- 
siona  of  the  mercurjr  in  the  two  instruments  must  be  exactly  pcopor- 
tional.  But  wo  have  shown  in  §  S95  that  Uie  apparent  expAoskio  ■ 
ta  equal  to  m.'-g,  m  denoting  the  real  expansion  of  the  mercuiy,  and 
ijO  tbnt  of  the  glass.  Murcur^',  being  a  liquid  and  an  elementary  sub- 
Pltuii(5c,  con  always  be  obtained  in  the  snuio  conditiuu,  so  that  m  inll 
bavo  the  sanio  value  in  the  two  Uicnuomct«n;  but  it  is  difficult  to 
ensure  that  two  specimens  of  gUn  ahull  be  exactly  alike;  beoM  ^r 
hoa  diflcrent  v'alues  in  different  thennometers.  lifl  agreement  <i 
the  two  t)ieraiomet«ts  does  not,  however,  re(|uire  identity  in  ll»e 
valves  of  m^g,  but  only  proportionalitv:  in  other  words  it  mqairM 
that  the  fmctioa 

m-g, 

(where  ffi  and  f^j  are  the  values  of  g  for  the  two  instramcntl)  iMI 
have  the  same  value  at  all  temperatures. 

The  aveiage  value  of  ^  is  about  f  of  that  of  m.    In  other  wwdi 
mercury  expands  about  7  limes  as  muclt  oe  gloss. 

S9S.  StetdlBUt  of  Zero  In  Spirit  Thermom0ters.~lt  fa  oVvloaB 
from  §  Sd6  that  Ute  volume  of  a  degree  can  be  computed  by  mul^- 
plying  the  capacity  of  tlie  bulb  by  tlie  number  which  denotes  tb* 
apparent  expansion  for  one  degree.  Alcohol  expands  about  6  tin" 
as  much  as  mercury,  and  its  apparent  expansion  in  glass  ia  abo«9* 
7  times  that  of  mercury.  Itence  with  the  same  size  of  bulb,  tl>* 
degrees  of  an  alcohol  thermometer  will  be  about  7  times  as  large  " 
those  of  a  mercurial  tbermometvr,  and  a  contraction  of  tiia  btX^ 
which  produces  u  diuuge  of  one  degree  in  the  reading  of  a  Bureoii^ 
Uieniionietcr,  would  only  produce  a  change  of  ooe-aereDth  of  ' 
degree  in  the  reading  of  an  alcohol  tliermomet«r.  Tbii  is  the  reaso'i' 
or  at  all  events  one  reason,  why  dliplocement  of  tbe  nn>  poiO* 
(§  £84)  is  in.ugnillcant  in  spirit  cbermomcteiK 

299.  Length  of  a  Degree  on  the  Stem. — Since  the  length  of  adcgr^ 
upon  tbe  stem  of  a  thermometer  is  equal  to  tbe  volume  of  a  dap** 
di\-idcd  by  the  sectional  area  of  the  tube,  tbo  formula  for  this  len^ 

is  y,  where  a  denotes  Ute  apparent  expansion  for  one  degrae,  C  tk* 

capacity  of  tbe  bulb  with  as  much  of  tbe  stem  as  ia  below  scro, 
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I  McdoiuU  area  of  the  stein.    The  value  of  a  for  the  mercurial 
J6  tbertuomi:t«r  is  about  ^j^:- 

L  Wdffht  ThenBometer.— In  tlie  weight  thermometer  (Fig.  203) 
e  apparent  expansion  of  mercurv  is  oktHTvod  hy  comparing  Oie 
tight  of  the  mercury  which  poa&ee  tlie  «;ro  point  with  that  of  tlie 

Eny  which  rvmaios  below  it.    The  tube  is  open,  nnd 
rath  ia  the  »!ro  point.    The  instrument  is  Srst  filled 
Mit-rcury  at  zvro,  and  is  then  cxpotMid  to  the  tempera- 
I  which  it  is  reriuirod  to  meiujtirc.    The  mercury  which 
rflowi  is  caught  and  weighed,  and  tlic  weight  of  the 
teurj'  which  rein&in.4  in  the  instrument  is  also  det«r- 
led — aaually  by  aubtracting  the  weight  of  the  overflow 
»  that  of  ttie  original  contents.     The  weight  of  the 
tflow,  dinded  by  the  weight  of  what  remains,  is  equal 
the  appBrcmt  expansion;  for.it  is  tlto  same  oh  thu  ratio 
[the  volume  of  mercury  above  the  xcro  point  to  the 
AdM  below  it  in  an  ordinary  thcrnioniet«r. 
tak  Older  to  measure  temperatures  in  degrees,  witli  this  thermo- 
Mitr.  the  ai^iarent  expansion  from  0*  to  100°  C.  must  be  determined 
for  all  and  put  on  record.    One  hundredth  part  of  this  must 
divided  into  tbo  apparent  expansion  obscr^'cd  at  the  unknown 

lore  (*,  and  thv  quotient  will  i>e  f. 
101.  EzpansloB  of  Oases. — In  Uie  case  of  solids  and  liquids  the 
produced  by  heat  are  itsuatly  very  small,  so  that  it  is  not 

to  distinguish  butwecn  the  value  of  ^  and  the  value  of 

[-,  (§  292).  But  in  the  case  of  gases  much  larger  expansions  occur, 
it  is  emcntial  to  attend  to  the  above  distinction.  By  general 
DDut,  the  volume  of  a  gas  at  xero  (Centigrade)  is  taken  as  the 
with  which  the  volume  at  any  other  tcmi>cratui'e  is  to  be 
We  shall  denote  tlie  volume  at  xero  by  Vq,  and  the 
BUe  at  tempenture  f  by  V,.  Then,  if  the  pressure  be  the  same 
I  both  temperatures,  we  shall  write 

is  called  the  mean  coefficient  of  expan.sion  between  the 

<  0*  and  I*.    Experiment  has  shown  that  when  tempera- 

I U9  measared  by  the  mercurial  thermometer,  graduated  in  the 

wbich  we  have  already  di-scribcd.  a  is  practically  the  same 

temperatures  which  lie  within  the  range  of  the  morcurial 
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tiiennometer.  In  other  words,  the  expaiuions  of  gasee  u 
proportiooal  to  the  apparent  oxponsioa  of  mercury  in  g\u 
over,  the  coefficient  a  i«  not  only  tliv  same  for  (litfcrcat  tompentuiv, 
but  it  is  also  tho  tiaino  for  difTeroiit  gnse»;  its  value  b«tng  ftlwiy* 
very  »pproxtiiiat«ly 

Bj  Boyle's  l&w,  the  product  of  the  volume  and  preafture  of  a  gm\ 

reiiiaina  constant  when  the  temperature  is  constant.     We  have  been 

Buppoeing  the  pressure  to  remain  constant,  so  tliat  the  product  in 

question  is  proportional  to  tlio  volume  only.     If  tb«  volume  is  kejA 

constant  the  pr«ssur«  will  vary  in  proportion  to  1  -i-at,  so  that  m 

shall  have 

R=P,(i+»iV 

Po  and  P,  denoting;  the  prMnirM  at  0*  and  T  n)q>Miively.    If  wt 
remove  all  reittriction,  we  have 

<VP),=(VP),(l  +  rt), 

whore  (V  P)>  (V  P),  dcnot«  the  products  of  volume  and  preanira  ■! 
0*  and  t  respectively.     Hence  the  value  of  the  exprewion 

^P 

will  be  the  name  for  all  values  of  V,  P  and  L    Sbiee  th*  bmb  » 

unchanged,  the  dcniiity  D  varies  inversely  as  the  voliune,  aad  |1mi» 

fore 

P 

it  aUo  constant. 

aOS.  General  DefinitioD  of  Ooefiioient  of  Ezpansloa.— If  Ytdnml* 
the  volume  of  any  auluttance  at  U-niperature  0*  (Centigrade),  V,  iU 
volume  tuider  the  same  preeeiire  at  temperature  f,  and  V^  its  vulMf 
at  a  higher  temperature  t\  tJie  metm  cwfficient  of  expamnon  ■  i^ 
tween  the  temperatures  (  and  ('  is  defined  by  the  equation 

and  the  coepeitnt  of  expansion  at  tht  temperature  f  ta  the  limil  ■■ 

which  a  approachea  as  t'  approaches  t;  that  ia.  in  the  langoi^* 

the  differential  calculus,  it  is 

1    dV 
V,  df 

U  wo  make  V,  unity,  the  coefficient  of  exptuuion  at  tenipeistiut  1^ 
win  bo  aimnly 
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nwemtfons  of  Lioear  Expansloa.  —  Lnplace  and   Lavoisier 

wl  till-  tinuu-  uxp&nsion  uf  n  great  Dumber  of  solids  by  tb« 

^  inetliinl. 

«r  AB  (Fig.  204) 

KpoosioD  is  to  lie 

Md.   has  one   eod 

A,  whilu  tlie  other 
rm  freuly,  (mimIuiic 
(t  the  levi^r  OB. 
tnovablo  about  tlio 
and  earries  a  tele- 
boM  Ltou  of  sight 
ted  to  a  »cal«  at 
itaara.  A  <liti]ilao(Mni>nt  BB'  convsponds  to  a  ctmsidombly 
iBDgtJi  CC  on  tim  Mcalu,  the  ratio  of  the  foniR-r  to  the  latter 
tmmt  at  that  of  OB  to  OC. 

ItpMotua  oniptoyed  by  La{>kce  and  I^volHier  is  shown  in 
.  The  trough  C,  in  which  ia  laid  the  l«r  whose  expansion 
delennined,  is  placed  bvtwtwn  four  toaBsive  uprights  of  hewn 
One  of  the  fxtn-mitios  of  the  liir  n^tK  R<;iuiiMt  n  lixud  bar 
jr Joined  to  two  of  the  upn;;htn;  thu  oUwr  (Xlivuiity,  whidi 
n  a  rullvr  to  giv«  it  griMiUir  freedom  of  inovcineiit,  pimheti 

B,  which  produces  tlio  rotntion  of  tliv  axi.i  <ta',  Tliis  axis 
iritb  it  io  its  rotation  the  telescope  LL',  wliicb  is  diivcted  to 
L  The  tint  step  is  to  aurround  the  bar  witli  melting  ice.and 
ading  through  the  t«k■scop<^  when  the  l)ar  is  at  tht.-  tompen- 

I'hc  temperature  of  the  troufjh  is  then  raised,  and  rend- 
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lagft  are  taken,  which,  by  compari»uu  with  the  firtt,  give  tK«  i 
o£  length. 


The  fnllowing  tabU)  contains  the  most  important  r«sult»  i 
tainc<l:^ 


Cou-rioinm  or 

QM,Tut»ttaitiari,»iuitM,  O-OoriOlfilCS 
,.  „         lauanMlccI,  O-OOOOlSIilS 

Stvd  iwt  tMopftwl,  .  .  .  O-OO0OlO7>3 
TuDpendilMlNlMatedtoM',  0-0O001S3»G 
SUnt  obuinod  bj  rapvUatioi,  O-DOOOltOJS 
8ilv«r,  Pftri*M*t>dB.r>].     .    .    OIJOOOISDSS 

Oopptt, &«000171Ta 

Bnm, <H)00016Te2 

MalMoalJii, OiMOOlfilTD 

FaluuniUi  tbi, 0'OO0Cr21739 


ScA  wnnglit  Itvis  .  .  , 
B«iMd  Im^  wire  dnwa,. 
Kngliih  Siat-glMi^ .  .  . 
OoUk  twocund  bjr  pwtll^ 

FkUH, 

LMd, 

Fmek  glM«  wllb  b»d.  . 

ShoHaiMk 

FMSOd  liK. 


i 


OMHH 
O'WMtf 
HOMH 
MOMIM 


The  coefBcteot  of  expansion  of  a  metal  is  not  preciady  tbe  «■ 
at  all  temperatures,  but  it  is  sensibly  constant  from  0*  to  100'  C 

A  simpler  and  probably  more  accurate  method  of  o1»erving  upl 
flioitfl  was  emploj'ed  by  Ramsdea  and  Roy,  It  coosista  in  the  Sit 
olxterv-ation  of  the  distances  moved  by  the  ends  of  tba  bar,  by  ndl 
of  two  mkrosoopes  fumishiHl  with  mtcromct4.>n,  the  iiiiiiiimi 
themsclveH  being  attached  to  an  apparatus  which  is  kept  at  a  i 
tviiifMiature  l>y  means  of  ice. 

304.  Compensated  Pendulam. — Hie  rate  of  a  clock  ia 
tlie  motion  of  ita  pendulum.   Suppose  the  clock  to  keep  comcltt 
at  a  certain  temperature,    llien  at  higher  temperatures  the  ; 
lom  will  be  too  long  and  will  tliorofore  vibrate  too  slowly, 


^atanafl 
regdaSP 


lh*tfOlUMNl 


nt.m. 


nrtn 

"nhMn'i  UtRHil*!  FBodalom 


'  {fig.  S06),  M  urrangcd  Uiat  tins  bob  will  rbu  or  fall  through  a 
equ&l  to  tho  diflcreDcc  between  tlio  toUl  expaiuuon  of  3 
I  roda  and  that  of  S  bnsa  rodn.  As  the  oneffictenta  of  e:cpaQsion 
M  DetaJA  are  nearly  as  2  to  3,  it  ia  possible  to  make  the  corn- 
ion  nearlj  exacts 
1  OrciAam'«  JUtrcuruU  Pendutttm. — Thia  consists  of  an  iron  rod 
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canying  at  its  lower  und  «  frame,  in  which  are  fixed  one  or  tw4 
glass  cylindoni  contaiuiu^  moreury.  ^MlCD  the  tumpentim  nan, 
the  longiJietUDg  of  tiio  rod  lowers  thv  c«nU«  of  gravity  and  centra 
uf  oecillittioi)  of  the  whole;  btil  the  expansion  of  tlti<  incmity  pio> 
duel's  tliu  culinary  eHect;  and  if  th«re  is  exactly  tlie  right  ijua&tit; 
of  inercury  the  compen-Hation  will  be  nrarly  perfect 

809.  force  of  Expansion  of  Solids.~The  fonx  of  expanuon  is  often 
very  considerable,  being  equal  to  the  force  necessary  to  compren  tlw 
body  to  its  original  dimensions.  Thus,  for  instance,  iron  when  bealcil 
from  0'  to  100'  tncrvoiM^s  by  -0012  of  its  original  Wngth.  In  order  ta 
prodiicu  a  oorrcjipondiui,'  change  of  Icngtli  in  a  rod  on  inch  square  bj 
[□ecliouical  means,  m  force  of  about  15  tons  would  be  required.  This 
is  accordingly  tlie  force  necessary  to  prevent  Huch  a  rod  &om  ex- 
panding or  contracUng  when  heat«d  or  cooled  through  100*. 

Tlili  force  baa  frequently  been  utilized  for  bringing  in  the  walla 
of  a  building  when  they  have  settled  outwards.    For  this  ptupaai 
the  walls  are  tinit  tied  together  by  iron  rods,  which  pan  tlirongh  tlit 
walls,  and  aru  furnished  at  the  eadis  with  screws  and  nuta.     All  ihsl 
nubt  Imving  bcvn  tightened  against  the  wall,  alternate  ban  an) 
heated;  and  while  they  are  hot,  the  uuto  u[>on  them,  which  hav 
been  thrust  away  from  Uie  wall  by  the  vxpatL'tion,  are  »erew«d 
A.4  these  bars  cool,  tliey  draw  tlie  walla  in  and  allow  tlie  nuts  no  thr 
other  bars  to  be  tightened.     The  same  operation  is  then  repeatad  ■■ 
often  as  may  be  necessary. 

Iron  cannot  with  safety  be  used  in  structures,  odIcm  oj^rtnnitjr 
in  given  it  to  expand  and  contract  without  doing  damage.  Id  layio^ 
a  railway,  small  spaces  must  bo  left  between  the  endu  of  thn  rail*  la_ 
leave  room  for  exjiaQsion;  and  when  sheets  of  load  ur  xinc  an  < 
ployed  for  roofing,  room  must  bo  left  for  tbi-ra  to  overlap. 
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S06.  Hethod  of  EqailfbratiQ;  Colnmni. — Must  of  the  methods  em- 
ploye'i  far  mcuuriiig  th«  expftiiaion  of  liqu'uU  dcpcnt]  upon  a  previous 
luiowluilg«  of  thtt  oxpansion  of  glam,  tiio  obsun-ution  itself  oonsistiog 
ia  a  deteminittioa  of  th«  apparent  expansion  of  the  litjuid  relative 
to  glaaB.  Tbvni  in,  howovcr,  one  method  wliich  is  not  liaLlc  to  this 
objeetlno,  and  it  has  been  employed  by  Dulong  and  P«tit,  luul  after- 
ward* by  R«^iiault,  for  measuring  Uie  expansion  of  merciirj* — an 
trIiifiMfnt  of  great  importance  for  many  physical  appticalionn.  It 
dapeadm  upon  the  hydrostatic  priiiciplo  that       ^  , 

thu  hfllglite  of  two  litiuid  columtu  which 
product)  eqiuU  prenures  ore  invcntely  as 
tbfor  denntiui  ^  \46). 

Let  A  and  B  (Vtg.  SOS)  he  two  tubes  oon- 

mercury,  and  communicating  witli 

ot^er  by  a  very  narrow   horizontal 

llb«  CI>  at  the  bottom.     If  the  tompora- 

of  the  liquid  bo  uuifunn,  tliv  mercury 

stand  at  tlie  itatnv   height  in   both 

hss;  hut  if  one  column  be  kept  at  0" 

the  other  be  heated,  tlieir  deusitios  will 

unctiual.    heidd!  be  tlu^ir  densities,  and 

Ui<-ir  h<!ighlB.     Then  since  litv'tT  proMurea  at  the  bottom  aro 

we  must  have 

■t  if  V  and  x/  d«note  th<.-  vuluiiiM  of  one  and  the  same  inaas  of 
joid  at  the  two  temperatures,  wo  have 

FrutD  thMo  two  oquationa,  we  have 
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BO  that  the  oxptuision  of  volume  is  dirp«tly  given  l)y  a  cooipariaon  of 
tiie  heightfl.     l>enoting  tliia  HXpanidon  by  m,  we  shall  have 


«'-A 


4 


Strictly  8peaking,  the  mercury  in  this  exjicriiDeai  is  not  In  eqid* 
libriuiii.  There  will  be  two  very  alow  currents  tlirough  tho  hwfi- 
zontal  tube,  the  current  from  hot  to  cold  being  above,  and  thccumnt 
from  oold  to  hob  below.  Equilibriam  of  pleasure  will  exist  ooly  at 
the  intemn'illute  level^tliat  of  the  axi?  of  the  tube,  and  it  is  (ms 
this  level  that  h  and  h'  sliould  be  mvaHurcd. 

307.  The  apparatus  employed  by  Dulong  and  Petit  for  canyfqg 
out  tliis  metiiod  is  represented  in  Fig.  SIO.     The  two  upright  tuba 


n»  tUl-JlpPH«tW«(l)BlMB>M'  MM. 

A,  B,  and  t)io  connecting  tube  at  thoir  base,  teat  upon  a 
tiuppon  furnUhi^  with  levelling  scrowi(,and  with  two  npiriM 
at  right  angles  to  each  oUier,  for  insuring  korizontality.  The  I 
B  is  surrounded  by  a  cylinder  containing  melted  ice.  Tha 
tube  A  is  surrounded  by  a  copper  cylinder  ItUed  with  oil.  whii  ^ 
heated  by  a  furnace  connected  with  the  apparatos.  In  niakiO|  m 
obeer\'ation,  Uie  first  step  is  to  arrange  the  apparatus  so  thai,  wW 
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htaM  to  tih«  temperaturo  required,  the  mei'cury  in  tlte 
Uilw  A  ta&y  just  be  soeo  above  tlie  top  of  tlio  cylinder,  so  as  to  be 
iiglil4^<]  with  tlio  totoscope  of  a  cathotoiiivU-r;  ttiLs  may  be  efTected 
hj  aJditig  or  taking  away  a  stnaU  quantity  of  uiurcury.  Tbe  ex- 
tmmi^  of  tbo  eolmnn  B  ia  next  sighted,  whidi  i;W<!»  Uic  diflfervDca 
of  tlie  heights  K'  and  A.  The  abnolute  height  k  ta  tletcrmined  by 
neans  of  a  fixed  reference  mark  i  near  tbe  top  of  the  column  of 
BMnaiy  in  the  tubi!  B.  This  reference  mark  is  carried  by  an  iron 
tod  HtUTouodod  by  the  icL'.and  it«  distance  from  tlie  axis  of  the  hori- 
■ontal  connMtini;  tubu  has  been  very  accurately  mcasurod  once  foi- 
all  Tliv  t4>mpcraturo  of  the  oil  is  given  I>y  iiw  wi-i^bt  thermometer 
(,  and  by  the  air  tht'rmometpi*  r,  which  Utter  we  shall  vx[)huu  here- 
after. 

By  means  of  this  nMthod  I>ulong  and  I^etit  aAcertained  Uiat  th« 
azpansion  of  mercury  ia  nearly  unifiHin  between  0°  and  100*  C,  at* 
atBporcd  with  the  indications  of  an  air-UiermoniGter,  and  that 
(bough  ito  uxpanifion  at  highiT  teniperatuitviiH  more  tspid. the  difler- 
om  b  lem  marked  than  in  the  caise  of  other  liquids.    They  found 

tb  n»oaa  coefficient  of  exjwnKion  from  0°  to  100*  to  )>e  ^^ ;  from  0* 

Bdgnaul  t.  without  altering  tlis  principle  of  the  ap[iamtus  of  Pulong 

ui  Petit,  introduced  aovernl  imjMX>vemt-ntA  in  lU-tail.  and  added 

ynatiy  to  tha  length  of  tlie  tul>c8  A  and  B,  tlivreby  rendering  the 

affiatatua  mora  souitive,     Hin  rtr.inltA  are  not  very  ditfercnt  from 

thoM  of  DnloDg  and  Petit.     For  example,  he  makes  the  mean  oocfli- 

rfent  fnira  0*  to  100" to  be  ^^5 ;  from  0°  to  200°,  jj.g ;  and  from  (/•  to 
His  experimeotfi  show  that  the  mean  coefficient  from  0° 


l*'  SO"  ia  ff^r=,  a  value  almost  identical  with  r^r^ 


908.  Expanaion  of  Olau. — The  expawilou  of  mercury  being  known, 
*•  ma  find  the  exruin-sion  of  any  kind  of  glasa  by  observing  the 
^fUuit  cxpaiLsion  of  mercury  in  a  weight  thermometer  (§  300) 
MMructod  of  thl<i  glass,  and  subtracting  this  apparent  expansion 
hm  tin]  real  expansion  of  the  liquid;  or  more  ri;;orou8ly,  by  <Iivid- 
%  the  factor  of  real  expansiun  of  the  liquid  by  tho  factor  of  ap- 
prmt  expansion  (§  Sd5>,  we  shall  obtain  Uie  factor  of  oxpaa.<uoi) 
(^tba  glacw. 

Ihikjog  and  Petit  found  ^^  as  the  mean  value  of  the  coefficient 

u 
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of  apparent  expaoston  of  mercury  in  glass,  «n<I  ^^  w  th«  aoetMmk 
of  roal  expuDsiuti  of  tnen:ur>-.  The  ditTcmncu  of  tliow  two  fncUODi 
is  approximately  u;^n.  vlticl]  lusy  theKfore  he  taken  as  the  oocdiciunt 

of  expansion  of  jti&sn.     It  ia  about  onc-s>c\'unth  of  the  eoaffictaPt  o( 

cxpRiisioii  of  uii'ivur)'. 
309.  Expausioa  of  anj  Liqeld. — The  uX[)aiiiuoii  of  ttie  glon  of 

wbtcli  a  tlHTiDiiinvtiT  b  nunlv  Win;;  known,  wo  may  om  the  inttra- 

mvnt  to  iiieaAure  the  expaimion  of  any  Hquid.     For  tJiis  purpow  wi 

uiuat  uieatiure  tlic  cn)>acity  of  Uie  bulb  and  find  bow  many  diviiuuei 

of  the  stem  it  is  e<|ual  to.  We  aw 
thus  dotenutne  how  many  divi- 
siuiiH  tlio  liquid  occupies  at  two 
ilitlVrt-nt  t«iuiK-ntun».  that  in,  «r 
can  <li.rti.irmin«  tlie  apparonl  tixiAS- 
siun  of  the  litiuid;  and  by  adding 
to  tliis  the  expansion  of  th«  ^1m^ 
we  shall  obtain  the  real  expandia 
of  Uie  liquid.   Or  m(H«  rigoroadf, 
wv  shall  obtain  the  factor  of  nal 
<<x]uvnMion  of  thfl  liquid  by  mid- 
tiplj-ing  tufrvlhor  thv  factor  of  ip- 
parent  expaa»ion  aud  the  brUr«( 
ex]iiaiiaion  of  the  glaaa. 

M.  Pierre  baa  performed  u  » 
tensive  serins  of  axperimaBia  Vf 
this  mi-Utod  upon  a  gnat  urn- 
' «  t  "f  liquids.  Thtt  appaiatoa  (•' 
]iiimJ  by  hiin  is  shown  ia  Flj. 
'J  1 1 .  Tlif  tlienRom<it«r  oontaiuif 
c!i'-  i^ivon  liquid  ta  fix«d  b^ 
a  iiiLTcurial  tlitinnomotn*,  vf^^ 
marks  the  teropcreturr.  Hw  l 
sen'oir  and  a  smatl  port  of 

tube  are  inuooreod  in  thv  bath  ouutaJned  in  the  cylinder  bclow. 

uppi^T  parts  of  tho  stems  aro  inclosed  in  a  secood  au>l  smaller  cytiiii*. 

thv  wut<*r  in  which  is  maintained  at  a  sensibly  constant  tiiiii[jLiillw 

lndicatv<)  by  a  vi<ry  dclicatti  thermometer. 
Worn  these  «x|nTinienta  it  appcan  tliat  the  nxpanaians  of  Uqdb 

are  in  general  much  ^'reat«r  than  thoM  of  solids;  also  that  thfirex- 
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not  prQCC«il  uniformly,  sm  Gotnparod  with  the  indicaiiODS 
jriol  thunuoinctvr,  but  incix-iLsus  very  perceptiblj'  oa  the 
sntore  rises.     Thin  l»  shown  by  the  followin;;  table: — 


>U0'. 


AkiJMl -.  1 

Eib-r..™ ~ ~.  1 

KMoliUdaoltmtbQa...  1 

W««j-«pint. 1 


Voloae  *l  10^ 

I«10e81 
I'OI&(08 
1-01  !£»( 

t-oiso:o 


TdbiniB  Hi  W* 
l-007«l)2 
1-0448S2 

1-M900S 

i-ososoe 


D.  Other  Hetbodt.— Another  method  of  dcterTnining  thea[^arent 
Bsiun  of  a  liquid,  witli  a  view  to  deducing  its  real  expansion, 
in  wcigbinjf  a  j^la^ss  bottlo  full  of  the  litjuid  at  ditforont 
.tuns,  Thi«  in  \'>riually  employing  a  weight  thcntionit'ter. 
Ilunl  intfthod  coiutlits  in  observing  the  losa  of  weight  of  a  piece 
wticn  weighed  in  the  l)(|uid  at  ditTcrent  t«niporAture8.  Timo 
1m)  gi\-iui  iu  each  CBse.^r  the  glaas  to  take  the  tvmpcruturo  of 
(|U)il;  and  when  tJiia  oonditlon  is  fultilleK),  tho  factor  of  expan- 
trill  bo  equal  to  the  loss  of  weight  at  the  lower  t«raperature, 
ed  by  the  loss  of  weight  at  the  bigh(>r. 

if  the  wtumo  of  tho  glass  at  the  lower  temperature  be  called 
',  Btwl  itti  "volume  ut  tho  higher  tcmpcrnturo  1  +g,  the  mass  of 
d  diaptooed  at  the  lower  tcDipotaturc  will  bo  equal  to  ita  dt<ii«ity 
d  tbo  ttHus  disptaoed  at  the  higher  temperature  will  be  Uiu  pro- 
of l+g  by  the  density  r--  whcru  I  denotes  the  expanaion  of 

BqjDid.     Tliu  lustcs  of  weight,  expressed  in  gnvitation  measure, 
ttrnfon 

ttu  former  of  these  divided  by  the  latter  gives  \^  which  (§  295) 

betor  of  apparent  6X[)anKii>n. 
il.  femiBls  for  the  Ez{wiiaion  of  Liquids.— A.t  we  liave  wen- 
aboi'e,  the  expansioD  of  liquids  does  not  advance  unifonnly 
tciuperetare;  whence  it  follows  that  the  mean  coefficient 
will  vary  according  to  tho  limiting  temperatures  be- 
lt in  takon. 
numltcr  of  ItqaifU,  the  mean  coefficient  of  expansion 
taken  aa  iticreaning  unifonuly  with  tlie  tempeisture.     If, 
',  A  bo  the  oxpaosion  from  0  to  ^  we  have 
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a  and  6  being  two  ooiiAtanU  apecifying  theexp&oaibitity  of  tba 

liquid. 

For  some  very  expansible  liquids  two  coiuttaots  are  not  suHicitnt^ 
ftiid  the  expansion  is  rcprudoatcd  by  the  formula 

A—at  +  iC-nC 

We  Mubjoiu  »  few  InstAocaa  of  ttda  claims  taken  from  the  Wodc  of 

M.  I'ierro:— 

AIiralMl — ..AslKmOtBB  l+0-00(K»17G10  (•+<M»0OMMIU6It  0 

EUicr...- AsOWnnM  t  +  O-OOOOOauill  l<-t-0-000000OMQtl  f 

BiMlptLiila  of  o«boa....A=0'0011SII8  l  +  <M>OOOOI3T07  l*+0'0000001>133  ^ 
BranliiiL A^OiMlOOea  1+0-0000017114  <*40-OOOOOOOOS4m  # 

312.  maximum  Density  of  Water. — Water,  unlike  other  liqttiili. 
ooutracta  aa  it«  temperature  rises  from  0°  to  4°.  at  which  poinl  iti 
Tolume  is  a  niiniiuum,  and  tlKToloru  its  density  a  maximum. 

Tlie  following  cxperimont,  which  funiishc«  a  means  t^  detenamiap 
the  t4inipcraluru  of  muxiiiiuui  density,  is  du«  to  Hope. 

A  ^\mi  jar  is  employed,  having  two  Uternl  o]H>ning8,  otM  near  tb« 
top  and  the  otlinr  near  tlic  Iwttom,  whidi  admit  two  thennDin«t«a 
placed  horixontally.  The  jar  is  filled  nnth  watt^r  at  a  ti'inpfrntttn 
higher  th&u  4°,and  its  middle  is  surrounded  with  a  &ceKing-uiixtinK 
The  following  phenomena  will  then  bo  observed. 

The  lower  tbennomotcr  dtr^wends  siea«lily  to  4".  and  thtre  mnaiiu 
stationary.  The  up]H;r  tlicnnometcr  at  fint  undurgoes  very  liuii 
flung*,  but  when  the  lower  ono  has  reachod  th«  fizod  toioperaUint 
ihiii  upper  one  begiiu  to  fall,  reachea  the  temperature  of  zero,  ud 
lliially,  the  water  at  the  surfaoo  ftman^  if 
the  action  of  the  freesoDg-mixture  contism 
for  s  sulBcicnUy  long  time.  These  tatitti- 
mit  of  a  very  simple  exphmatioa. 

As  the  wat«r  in  the  middle  portion  o(t)a« 
jar  grows  colder,  ita  dautity  incnsMKi**] 
it  sinks  to  the  bottom.     ThLt  procoa  ?■■ 
on  till  all  the  water  in  tbe  lower  part  ba^ 
attained  the  temperature  of  4'.    But  •)>«> 
all  the  wut4>r  fntm  tlie  centre  to  the  boUOiv 
lias  attaiuud  this  temperature,  any  finthtf' 
cooling  of  the  water  in  the  centre  will  p^- 
ducc  no  circulation  in  the  Iow«r  portioo.n' 
vety  little  in  the  upper,  until  needles  of  ice  are  fomicd.   TIUM,  taa| 
lighter  than  water,  rise  to  the  surface,  and  thus  produce  a  cdrculatiiB 
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rUeh  etoSM  the  wat«r  near  the  RUrTace  to  fr<x-Ke.  whili'^  that  near 
boUijiii  rentaiDs  at  the  tciDl>erBture  of  4*. 
This  experiment  illustratL-s  what  takes  place  during;  winter  in 
I  uC  fresh  wftt4>r.  The  fall  of  temperature  at  the  surface  does 
■  «xlAtid  to  tlio  bottom  of  Uiv  pool,  vrkcre  the  water,  whatever  be 
Um  ■xtamol  tcmpcraiure,  »«ldoni  Mia  below  i°.  This  is  a  fact  of 
fTMt  intorceti  u  oxetoplifying  the  clcew  connection  of  natural  pho- 
iionana,and  the  manner  in  which  they  contribute  to  a  common  end. 
It  b  in  virtue  of  thtfl  anomaly  exhibited  hy  water  in  its  expansion, 
takrn  in  conjunction  with  the  specific  lightness  of  ice  and  the  low 
ooDiiuetJut;  power  of  Utiuids  generally,  that  tlio  t«mpL'ratuie  at  the 
botluiu  of  deep  pools  remains  moderate  even  during  the  severest  cold, 
and  tltat  thf'  Itvn  of  aquatic  animals  are  preserved. 

S13.  SoUiu)  Solution!. — Tliesw  remarks  arc  not  applicable  to  sra- 
wotar,  which  contracts  as  its  tempemturc  falls  till  its  freeKing-puiiii 
iasttaified;  this  latter  being  coniuderably  lower  than  the  freezing- 
point  of  fresh  water.  , 

Id  th<!  eaM!  of  saline  solutions  of  different 

■(mi(*tbs,  tho  tcffiiKTRturc  of  miixiinum  den- 

•Hy  falls  along  with  the  frcezini;- point,  and 

hill  more  rapidly  than  thu  latter,  ho  tiinb 

(or  aolutiomi  containing  more  than  a  certain 

(npoftiim  of  salt  tbtt  temperature  of  uiaxi- 

■Ut  deMi^  is  below  the  fret>zing-point    In 

Wder  to  idiow  this  experimentally,  the  hoIu- 

tioB  mu8t  be  placed  in  such  dreumstances  aa 

lo  rrinain  Uquid  at  a  tcinpomture  below  its 

wliiuiry  freezing-point. 

914.  Appomt  BxpaBeioB  of  Water  — Fig. 

!l3  rvprnents  on  appomlus  for  Hhowin^  tho 

^xat;**  ol  Bppanmt  volume  of  water  in  a 

mJ.     In  the  centre  are  twi>  thenno- 

,  one  containing  alrohol  and  tho  other 

The  mervtnr  of  the  latter  is  a  long 

sttrrounding  tbe  reservoir  of  the  al- 

I  tbermometer  and  ha^'ing  much  greater 

edacity.    Both  rmervoint  are  contained  in  a 

box.whifh  U  nt  (init  filled  with  UH^Iting  ice.     The  two  iastru- 

arif  Ml  pineal  tJint  nt  x<:ro  the  extremiticH  of  tbe  two  liquid 

:  ore  on  the  Home  hori]-.ontat  line.     This  being  the  cose,  if  the 
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loo  bo  Qow  rviiiuvcd.  And  tlic  appamtufi  l«ft  to  tteelf,  or  if  the  proooa 
bv  ucc'u!<.-nitt^'(l  by  placing  a  spirit-liu»p  below  the  bos.  the  alcohol  will 
iinrnttdiiitttly  bu  ssccn  to  rise,  vrliilu  Ui«  wobvr  will  dv«ociid;  ooJ  the 
two  lii)uidj<  will  thus  continue  to  move  in  opposite  diTvclir>Tw  until  a 
tenijieraturo  of  5°  or  6*  is  attained.  From  tliis  Diuinrnt  th«  wmt«r 
ceaaoa  to  descend,  and  begins  to  move  in  the  AaniR  <)ireciii>ii  as  tha 
olooboL  The  temperature  at  which  the  water  thermometer 
stationary  is  that  at  wbicli  the  coellicient  of  t'xpansion  of  wi 
the  same  aa  that  of  glam.  The  coeirident  of  expaniuon  of  water  is 
iMtro  at  4*.  and  at  tcnii>erature«  near  4*  i^  approxiniately 

iMOOlCft'l}. 
The  avenige  value  of  the  cocfGcient  of  expansion  of  glaAR  is  aboal 
•000027,  and  by  equating  these  two  expressions,  we  have 

Ituaco  the  water  Uiennometer  will  be  stationary  at  the  tcraperature 
5'-7. 

315.  Density  of  Water  at  Varlons  Temperaturaa. — The  volume,  at 
teiiiiK-raturvs  ni.«r  4",  of  a  ijuantity  of  wat«r  whicli  would  occupjr 
unit  volume  at  4*,  is  approximately 

I  +-000008  (1-4)*, 
and  the  density  of  wat«r  at  tlmie  temperatures  is  tharafon 

I--O0000S  l(-4>', 

the  densi^  at  i"  being  token  as  unity. 

Tlio  density  of  wat^-r  at  souie  other  tuDipentturoa  is  g{v«a  is 
following  table: — 

Ttininntan.  Damltr 

0' -dm:: 

i*      »...      i-ooooeo 

6*         -SMaM 

13*        ■MDStB 

ir      «...       wwm 

80*        ~ ■WSISB 

6cr      — _       -sflfla 

ICO*         -tMt 

316.  Eipoosion  of  Iron  and  Platinam. — Tba  oooffietent  of 

expansioa  of   maie«irr 

being    kuowo,    thai    i/ 

glass  is  deduced  botijl 

iu  the  nuuuier  alniA 
nc  «t.-ST|>wd<!n  of  trtm  iu>4  ruHmnL  J* 

indicated  (S  308).    Bi. 
long  and  Petit  have  deduced  from  it  oUo  the  coefBciaiita  uf  ex{^ 
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I  of  iron  and  plMtinnui,  theau  niutuls  not  heing  attacked  by  met- 
muy.     Tbu  inoiliod  vinployi^l  is  thv  fulluwing. 

Thft  metal  in  qucHtioii  is  intixkluoed.  in  the  shape  of  a  <^li&c!riciil 
h^r.  into  Uio  r«»rvoir  of  a  weight  tliennomeler.  IjpI  W  be  th« 
wd^bl  of  the  metal  introduced,  and  D  it«  density  at  xjer<y.  llie 
ptneoiB  is  the  same  as  in  using  the  weight  tbennometer;  that  b,  after 
hAviug  filled  tliu  rescr\'oir  with  mercury  at  0°  C,  we  olecn'e  the 
wvigbt  u'  of  the  mvtal  which  issuers  at  a  givun  t«nipcrattiro  t.    The 

Tolonw  at  0*  C.  of  the  mercuiy  which  has  ifwned,  in  j,  d  being  the 

domity  of  mercury  at  ZBto;  the  volume  at  f  is  therefore  ^  (1  +mt), 

m  being  tha  eoeflkleitt  of  expatnsion  of  mercury.  This  vuluine  avi- 
deatly  TOpraHnta  the  cxpawtion  of  the  metal,  f>tu«  tliat  of  tJia 
oMRary,  m%nu9  that  of  the  glasa.  If  then  M  denote  tlie  wvij^ht  of 
uocnry  ttuit  litla  the  apparatus  at  0*  C,  and  if  K  hf  the  coelllcient 
of  cuMtral  expansion  of  glass,  and  x  the  expansion  of  unit  volume  of 
the  (pvtu  metal,  wo  liavu  the  equation 


3a*-.)-S'*i-'-(D-^3)*f^ 


fvlwiicn  we  can  find  x. 
M7.  Conveotlon  of  Heat  in  Liqalds. — 'When  dtflcrc^nt  parts  of  a 
i>iaid  or  ffia  aro  heatiKl  to  iblforent  tom]>oraturcit,  correvponditig 
rfUtcnncea  of  density  ariae,  leading  tuually  to  the  forroatJon  of  cur> 
"Mta    This  phenomenon  Ls  called  coTiivrfioji. 

Itius,  fQf  instance,  if  we  apply  h<>at  to  the  bottom  of  a  \-QHael  oon- 
taixibig  water,  the  parte  immodiately  subjectnl  to  the  action  of  the 
OOAI  expand  and  risu  to  the  surfac«;  thoy  are  replaced  by  colder 
I,  wbid)  In  tlieir  turn  are  heated  and  ascend;  and  thus  a  oon- 
k«iaJ  eirculatiori  i»  maintained.  The  aacending  and  deicendiug 
Bts  can  be  rendered  vi-iible  by  putting  oak  sawdust  into  the 

816.  Heating  of  Buildings  by  Hot  Water. — This  is  a  simple  apptiea^ 

j«*i  of  Uh"  ]innciplc  just  stated.     One  of  the  moat  common  arrange- 

1  'MbI*  for  liiia  purjwee  tit  shown  in  Fig.  215.    The  boiler  C  is  heated 

■T  a  fire  bt^low  It,  and  the  proJuctn  of  cuiuVni4ti(m  escape  through 

*»  efainmey  A  B.    At  tlie  top  of  the  liou.se  is  a  nwervoir  D,  com- 

i^aimting  with  the  boiler  by  a  tube.     From  tliis  reservoir  the 

^utd  flows  into  another  roeert'oir  G  in  the  stoiy  immediately  below, 

I  into  aootber  reservoir  F.  and  so  on.   Finally,  the  last  of  these 
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roMTVoin  communicator)  wiUi  the  bottom  of  the  boiler.    The  tx>i1er, 
t*ibo»,iind  r«<('rvoir»  arc  nil  cotnp]«toly  Sll«d  ^^-it)l  witter,  with  the 


r  Hot  WaW. 


cxoeption  of  a  small  space  left  above  in  order  to  gira  room  Uvc  tha 
expuiKion  of  Ihv  liquid.  An  ascending  ourr«it  llowa  through  lbs 
left-hand  t»bc,  and  thtr  circulation  contiiiuojt  with  gr«nt  nn- 
larily,  ho  long  u  tlic  touipcmtuni  ot'  the  water  in  the  boiler  mnaiia 
constaoi, 
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219.  SxpohisenU  of  Qty-Lname. — Gay-I/tuisiu!  ooni)uct«d  »  series 
nnuvhm  on  Uie  expatmion  of  gaHes,  tiie  results  of  whicl)  wer* 
rrgarded  as  vlasHicaL   He  employed  a  tliennonieter  with  a  \aigfi 
3tr  A,  coDtaimng  the  gas  to  be  operated  on;  an  index  of  iiier- 
m»  separated  the  gas  from  the  externa)  air,  while  leaving  it 
fall  liberty  to  ezpond.     ^«  gas  had  previously  been  dried  by  pass- 


^. 


■.-.> 


W 


i- 


it  Utroogb  a  tube  containing  chloride  oi  calcium,  or  some  oUier 
iomtin^  flUbfitaDoe.     The  thermometer  was  first  placed  in  a  veosel 
sued  with  molting  ioe,  and  wbon  Ihu  gas  had  thus  been  brought  to 
C,  th^i  tnlw  wm  »o  adjtittt«d  tliut  tliu  index  ooincided  witli  the 

through  whidi  the  thvrmoiuvtvr  p4uwivd. 
Tho  tabo  and  rAtvrvoir  having  boen  pnvioasly  gauged,  and  tliv 
fonner  divided  iiitu  parta  of  equal  oapncity,  tlie  a]>pareot  volume  of 
gaa  {expressed  in  tomui  of  thi-jtv  divUioa.s)  iit  indicated  by  the 
I  of  the  index;  let  tlie  appai«iit  volume  ol»or^-cd  at  0'  C  be 
Jlcd  n,  aod  let  H  denote  tJie  exl<.-mal  pressure  as  indicated  by  a 
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barometer.  The  apparnttu  is  tht-n  rajsci]  to  a  known  teinp<Tntut^ 
hy  nieaas  of  tlio  fumacu  below  Uie  vosticl,  wiJ  tin;  »tem  of  the  ther- 
mometer \a  moved  udIU  tJte  index  readies  Uie  edge  of  the  opettit^. 
Ivet  n'  Ite  the  apparent  volume  of  the  gna  at  this  new  tempeimtank 
and  as  the  external  presure  may  have  varied,  let  it  be  deaoted  by 
H*.  The  real  volumes  of  the  gas  will  be  as  n  to  n'  (l+j/f),  wlian  g 
denotes  the-  mean  coefBcieiii  of  expnn-sion  of  the  glaiw:  and  the  pco- 
ductAof  volume  and  pie^ture  will  be  ait  n  H  ton'  (I  +ijt)  H'.  Himn, 
if  a  denote  the  mean  coefficient  of  expansion  of  the  air.  wo  have 

from  whieh  equation  a  can  be  determined. 

By  meann  of  thia  method  Oay-Lusaac  verified  the  law  pr^vionxly 
announced  by  Sir  Uumphre>'  Davy  for  air,  that  the  coethcieot  ol 
expan&ion  ta  independent  of  the  pressure.     lie  also  arrived  at  tbr 
result  that  tliis  coefficient  is  xeusibly  the  same  for  all  leases.     Ht 
found  itH  vnlut-  for  dry  air  to  be  '00375.    Thin  n-sult,  whidi  waa  for 
a  long  time  the  accepted  value,  i»  now  known  to  be  in  uxoetM  of  the 
truth.     Kndlwrg,  a  Swedbih  philoctopher,  waa  the  first  to  point  o«ll 
tliu  ncnuuity  for  using  greater  preeautionfl  to  insure  thu  altaciDca  of  j 
moiKturo,  which  adherea  to  the  glass  with  great  t«nadty  at  thai 
lower  t«n)])erature,  and,  hy  going  off  into  vapour  wiwn  heated,  ailili 
to  the  volume  of  the  air  at  the  higher  tompcraturo.     Ha  found  tliat  i 
tJie  last  traoos  of  vnpuur  could  only  be  removed  hy  ropea-todly  ia-\ 
hausting  the  vessel  witli  an  air-pump  when  boated,  and  retlllinf; 
with  ilriH  air.     Another  weak  point  in  the  method  cmploye^l 
Oay-I.u.vsni:  was  the  .shortnum  of  (be  mercurial  index,  which,  in  euD- 
Junction  with  tbe  fact  t]iat  mercury  doee  not  come  into  clone  cmL 
with  glass  (as  proved  by  tbe  fact  of  its  not  wetting  it),  alhiwcd  a1 
little  leakage  in  both  dirocttoos.    These  impntfeotions  have  betaj 
remedied  in  httcr  invmtigations,  of  which  the  iiiont  olabontv 
thow  of  Regnault.     He  employed  four  distinct  m«tkoda,  of  whlcbl 
we  shall  only  describe  one. 

330.  Betraaalt'i  Apparatua.— The  glaaa  veasel  BC  (Fig.  317) 
tniniti<|  the  air  to  Wi  cxpurimviited  on,  is  connected  with  tho  T<sfaapa4 1 
piece  EI,  Uio  branch  I  of  whidi  cominunicati^s.  through  tlr)(ic«Bthi(| 
tubes,  wiUi  an  air-pump,  and  la  hennetically  doaed  with  a  Mow- 
after  the  veesel  has  recuivt^d  lU  diai^e  of  dr^-  air;  whilp  tb«  btmmdk^ 
ED  eommoaicates  with  the  top  of  a  morcurial  manontrti^r.  A  marilj 
is  made  at  a  point  b  in  the  capillar^'  portion  of  the  tube.aod  in  i 
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the  mercury  in  tlie  nianonieter  w  taiLdu  U>  reach  exactly 
point,  eiOiur  by  pouring  iu  more  mercury  Jit  the-  top  M'  of 
tlie  otbor  tube  of  the  tu&nomfter,  or  by  allowing  if^)!!!!?  uf  tbo  liquid 
to  NMspi*  Uirougli  th«  cock  R  at  ttic  boUum.  The  air  under  expi-ri- 
BtflOt  iit  Uiwt  alwayH  obMrvod  «t  the  uiinv  npporcut  vulunie,  and  Hw 
ofaMTvation  gives  itfl  preeumre.    I'he  vfumol  B  is  inelotod  within  a 


,  whieb  consists  of  an  inner  and  on  out«r  Khull.  with  a  iipaco  l«- 
I  tbam,  tlirougb  which  iliu  ntcam  circuhiti.'n  whivn  thu  water  boiU. 
In  rmiaeing  Uw  ofaaorvBtiotM,  thu  ]>orUou  of  tlic  glaaa  vmeu!)  within 
'  hoilar  ia  re^nM  an  Iinviup-  Uio  t«inpcnit«rc  of  the  wat«r  in  the 
Irr,  while  th«:  ix^rtiuii  uf  iho  tubv  cxt«mal  to  the  boiler  is  regarded 
liavtn^  thn  t«m|)erature  of  the  surrounding  air. 
In  tlun  mode  of  operating,  the  volume,  or  at  Ii.4Utt  tiie  apparent 
toliuxM,  is  cooHtant,  s»  thai  th<>  euctlidunt  n  which  a  detormined  is 
«ul«tantially  dotin«d  by  the  »)ualion 
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Po  and  P,  denoting  the  pressui&s  at  constant  volum&  The  ooeffideaA 
thus  defined  should  be  called  the  coeffi£unt  of  increase  of  prtMuun. 
It  18  often  called  the  "coefficient  of  oxpanstoa  at  constant  voIuuia," 
whicli  is  n  contradiction  in  t«rm». 

In  unotber  mode  of  operating  Ki.-^niiuli  observod  (be  expanslaa  at 
constant  pressure,  and  thuit  deteniiinc<l  tliu  eoeffioitnt  of  expanMon 
properly  ao  called.  A  small  but  nteady  iliffeFenoc  van  found  btslweco 
the  two.  If  Boyle's  law  were  exact  they  would  be  identicaL  Am  a 
matter  of  fact,  the  coefficient  of  increase  of  pressure  was  found,  in 
tlie  ciuu  of  air  and  all  gosca  except  hydrogen,  to  be  rather  1cm 
than  the  coefficient  of  expa.n«iun.  In  otiicr  words,  the  product  of 
volume  and  pressure  at  one  and  the  Mune  temperature  (*  wax  found 
to  be  lea^t  when  the  volume  was  leaAt;  a  result  which  aoounls  with 
Regnault's  direct  obscnations  on  Boyle's  law. 

3:21.  Results. — Tlio  folluwitig  table  contains  the  final  rvsulla  for 
the  various  gases  which  were  submitted  to  experiment:— 


CtwOlelgiit  uf  InctMM 

of  pnour*  *l  vvD- 

•uuirvtuia. 

jUr. - O-OOSOBS 

KilMgW O'UOSMS 

HydrcvMi. ««0Sfla7 

OMbonlaaddi! 0«)3«7 

Owbimletdd. O'OOSteS 

Nltrooi  dcddoL O-OOS0TO 

Cyuio(,-an Q-COSSSV 

SoiphuMiu  uM o-ooyata 


GocArttutf  Uk 
of  wIhm*  •!< 


O-OOMTV 

0-wnoM 

0-009710 

o-o«sno 

OrDOtSJI 
OiWSMa 


It  will  be  observed  that  the  largest  valu(.-«  of  the  eoeffieienta 
bo  those  gases  which  are  most  eat^ily  Uquefi«d. 

Wo  may  odd  that  the  coefficients  iocreaM  very  sensibly  wit 
pressure;  Uws  iKitwcon  Uie  pnusuresof  one  and  uf  thr(-4>  ntmosf 
the  coefficient  of  expantion  of  air  increases  from  'O0UC7  Ut 
This  increo^ie  in  Ntill  more  marked  in  the  case  of  tlta  mont  litjin^KA^ 
gaoea. 

323.  Bedaction  to  the  Falirenhoit  Scale. — I'he  coefficient  of  npav- 
tuon  of  any  substance  per  degree  Fahrcniicit  is  {  of  tlie  eoettfJMt 
per  degree  Centigrade ;  the  volume  at  32*  K.  being  madi*  the  slaihJvJ 
&om  which  o?;plUl^uons  are  rM.-)concd.  m  ttiat  if  Vg  donoto  the  tvhmt 
at  this  tomiH'mcuie  and  V  the  vuluuie  at  C  F.,  tbo  eooSdvi  J 
expansion  a  is  delined  by  tlie  «c|iuition 
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883.  Air-tbennomet«r. — ^The  cloae  agre«inent  betwrm  tho  expfto- 
IH  of  dtlTerenl  gases,  and  betwvca  the  expon&ions  of  tlie  samo  gw 
diflcreat  presBune,  is  a  strwig  reason  for  adopting  one  uf  Uieso 
itH  as  ibc  standard  fiubeUmco  for  the  nicafiurcuient  of  temperature 
cxpaiiBkin,  rather  tlian  any  {NirticulAr  liquid. 
Moreover,  the  expannoD  of  gattea  b«ing  nearly  twenty  timis  as 
gn»t  as  that  of  mercury,  the  expansion  of  the  containing  vcmhcI  will 
b*  len  important;  the  apparent  expansion  will  be  nearly  tlie  hmiw 
a»  tho  real  expansicMi,  and  differencoH  of  quality  in  the  glass  will  not 
taambly  afieci  the  compantl»lity  of  diflorcnt  tlivrniomcten;. 

Air-tlMnioiiieieis  have  accordingly  boon  often  used  in  dulicate 
BSavcetigntioos.  They  conaiat,  ltk«  other  tbcimomcters,  of  a  rcscrroir 
B«ad  tnba;  but  the  latt«r,  iiuitcad  of  being  sealed,  Ls  left  open,  Tliis 
F  tfm  nkd,  in  ooe  form  uf  the  instrument,  18  pointed  downwards,  and 
'  fannwned  in  a  liquid,  uitually  uiercnry,  which  rises  to  s  greater  or 
^L  klB  diataitoe  up  the  tube  as  the  air  in  the  tbermoaieter  contracts  or 
H  «pM>da.  As  variations  of  pressure  in  the  Buvmumiing  air  will  aUo 
■  atfect  the  height  of  this  column  of  liquid,  it  is  necessary  to  take 
F  raodlogl  of  the  faarom«t«r,  and  to  make  utc  of  tliciit  in  reducing  the 
I  inJIcatiooa  of  tho  air-tliermomcter.  Even  if  the  buroniet«r  continues 
•taadj,  it  ia  itiJl  neccMuuy  to  apply  a  correction  for  dianges  of  prcs- 
nan;  iboe  the  difierenoe  between  the  pn«sure  in  tlie  air-themio- 
mote  and  that  of  the  external  air  is  not  constant,  but  ia  proportional 
to  tU  height  of  the  qolumn  of  liquid. 

In  the  form  of  air-thermometer  tinallj  adopted  by  Regnaiilt,  tho 
*^  is  tho  instrument  waa  kept  at  constant  (apparent)  volume,  and 
*^  variations  of  pressure  «er«  measured,  tlie  apparatus  employed 
^"B*^ pndacly  Uiat  which  we  have  dcMcribod  in  §  SSO. 
,  9M.  Perfbet  Ota. — In  discussions  relating  to  tlio  molecular  eonati- 
f  taticd  of  gases,  the  name  perfect  gtu  is  used  to  denote  a  gas  whidi 
I  *oali)  exactly  fullil  Boyle's  law;  and  molecular  theories  lead  to  the 
I  mjcJmjoQ  ii^^i  for  ^1)  guch  gases  the  ooeSicients  of  expansion  would 
I  ^  sqitaL     Actual  gases  depart  further  from  these  conditions  as  they 

■  ***  more  ooiripi-vssed  below  the  volumes  which  they  occupy  at  atmo- 
I  "plunc  pniMUn);  and  it  Is  proWble  that  when  very  higlily  rareBed 
I  *% approach  the  state  of  "perfect  gases"  very  closely  indc«d. 
I  32s.  Absolute  Temperature  by  Air-thermometer. — Almonte  temper- 
I  itun  by  the  air-thet-ntotnettr  is  usually  defined  by  the  condition 
I  tlat  the  temperature  of  a  given  mass  of  air  at  constant  prewure  is 

■  to  ht  regarded  as  j7roj)ortu'na^  to  ttc  volunu.     If  the  dilTerence  of 
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t«npenbire  between  the  two  ordinary  fixed  |>omta  be  divided  Into 
&  hundred  degrees,  as  in  tho  urJinary  Centijjrado  themiomctor,  tht* 
two  fixed  points  theowflv«i  will  be  called  respectively  278°  aitd  37 f; 

sinoc  air  expands  hj  ^73  o'  its  volume  at  the  lower  lixed  poiot  for 


100 


each  dcgrw>  oiwl  tiivrufor«  by  «.,  of  titb  volume  for  a  hundnd 


There  is  some  adv-ontago  in  altering  the  dcfliiitioa  k>  an  to  wmJu 
the  tomperaturo  of  a  given  moss  of  air  at  constant  volumo  propor- 
tional to  its  prtMiire,  The  two  tixcd  poinbt  will  then  bo  S73*  •»! 
Sis'  OS  alx)vv,  and  the  zero  of  the  Male  will  be  that  tejitpiumttm il 
whicli  the  pressure  vanishe& 

The  advantage  of  the  second  fonn  of  definition  is  that  it  euabb 
us  to  continue  our  scale  down  to  tbiji  points — L-alk'd  abeolnto  Kn- 
wit]iout  enoountcring  any  physical  impossibility,  auch  as  the  eonnp- 
tioii  of  rcducinif  a  tinitu  quantity  of  air  to  a  inatlK-niotical  potol 
wliicli  would  W  rtHjuired  according  to  the  tirat  form  of  definitia» 

Practically,  "absolute  temperatures  by  air*thrmiomoior'  an  eaB> 
puted  t^  adding  273  to  ordinary  "  teniperaturea  by  air-Uicnnoaidat,* 
these  latter  being  expressed  on  the  Centigrade  scale.  \\\-  idiall  No{% 
Uie  capital  letter  T  to  donot«  sbeolutu  tetnpvmture,  and  tlie  auf 
letter  t  to  dcnoto  ordinary  t^'niporaturiv     We  have 

and  the  general  law  oonneeting  the  volume,  p(ceaun,ud  toopiatv* 

of  a  inw  is 

vp 

or,  introducing  tlie  doniuty  D  inxtead  of  the  votame  V, 


noOStUllt 


A»  above  explained,  these  laws,  though  closely  approximate  inH^ 
narv  cases,  are  not  absolutely  exact 

S26.  Pyrometers. — The  measurement  of  high  teniporatuna  ^ 
as  those  of  furnaces  is  very  difficult.  Instniments  for  this  |«l|<* 
are  called  pvroiueterK.  One  of  the  best  b  the  air-thermonwttftB' 
ployed  by  T>evilk-  and  Troost,  having  a  bulb  of  luuxl  pomrlain. 

SS7.  I)«D8ity  of  Qaaes.— The  oiwftito  dewity  of  a  gus— that  ii^  Hi 
mm  per  unit  volumo — which  is  dunolud  by  D  in  tlie  abow  focwiik 

is   proportional,  as   the    formula  shows,  to  ^  and   may  thcnton 
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enonuoua  variation.  In  stating  th«  relative  tUnaity  of  a 
porvU  wiUi  ikir,  tbv  air  and  the  ga«  ai-o  ttuppoMd  to  be  at 
prcwuro  and  temperature.  For  pur|)06c«  of  great  Accuracy 
nt  and  tvtniicraturo  must  be  specified,  since,  a^  we  have 
tlum  an  slight  ditrurenocs  in  the  changes  pixxluced  in  different 
by  Uw  aatnc  dtanges  of  preasure  and  tempurature.  The  com- 
iQ  is  gonemllj  Boppoeed  to  be  made  at  the  tcraperature  <f  C, 
at  the  pressure  of  uno  ttandard  iitiiit)«.p)iere. 
:.  KeaAortmetit  of  the  Relative  D«nBitjr  of  a  Oas. — The  densititvi 
hav«  \wa  tlic  r;ul<j<-ct  of  tiuuit-ruuM  inwatigationa;  ve  shall 
only  thv  nivlhod  vittployvd  by  Ri'^jmiiilt. 
is  inetosed  in  a  globe,  of  about  IS  litrot  cajHtcity  (Fig.  21tt), 
with  a  litop-cook 
iog  to  a  ihree-way  tube, 
of  whose  bnncbcs  is  in 
imnitvklion  with  a  nia- 
,iuid  tbcuthcr  witli 
kir-poiiip.  I1)c  globe  is 
avv«ral  times,  and 
tfam  the  gaa  ia  dried 
it>  way  to  the  globe  by 
throu;j;h  a  number 
ubn  containing  piLiysa 
miaieiMtoM  moistciKxl 
lulphurir  and.  When 
moisture  luki  beou  re- 
rad,  tbe  globe  u  sur- 
Ikded  with  n»-ltiQ;;   i<f-. 

b  kept  f uU  of  gaa  at  Uie  prvsaure  of  the  attDOSpherc  liil  sutBciont 
I  lias  been  given  for  its  contents  to  onume  tJie  temperature  of 
otiltiiig  ice.  Tbo  HtoiM»c3c  w  iivn  closed,  the  globe  it  taken  out, 
tfnDy  dried,  and  allowed  to  take  the  temperature  of  tJie  atmo- 
It  ia  then  weighed  with  a  delicate  Italanee. 

iment  is  repeated, uitli  no  change  except  that  by  means 

pomp  the  gas  in  the  globe  is  reduoud  to  as  small  a  pressure 

able.     Let  this  pressure  be  denoted  by  A,  and  the  atmosplioric 

iiv  in  the  previous  ex|icnmunt  l^  H.    Hiun  Uio  difference  of 

weight*  is  the  weight  of  ajt  muvli  ga.t  at  t«mpenit»re  0*  and 

H—A  aa  would  fill  the  globe.    Let  w  denote  tliis  ditfer«ooe, 

let  w'  bo  the  diUerenoe  between  two  weighings  made  in  the  same 


rfe.  ni    Mwiiwiiial  of  Dtulty  at  Oum. 
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nuuiDcr  with  dry  air  in  the  globe  st  pressurea  H'  &ntl  K.     Then. 
rcJative  density  of  the  gas  will  be 

We  must  now  df^scrihe  &  spuciiU  pr«eaution  which  wis  employnd  by] 
Ikgtutult  (and  still  CBflicr  by  Dr.  Prout)  to  avoid  wrors  in  wcigt 
aming  frutn  thu  vai:^*ii)g  weiglit  of  the  external  air  displaced  by  tbs] 
glob«. 

A  Kcoond  globe  (Kig.  S19)  of  preciHcly  the  same  external  voItHMJ 
att  the  Urat,  made  of  the  eaine  glaas,  and  closed  air-tight,  was  ased  ■*  | 
a  count«q>oi!ie.    The  equality  of  external  volumes  waa  ensured  ia 
the  following  way.     Thg  globes  wuro  filli-d  with  water,  hung  frMn 
the  two  scalus  of  a  balance,  and  equilibrium  va» 
brought  about  by  putting  a  siiflit.'it^'nt  quantity  ti 
some  material  into  one  scale.     Butli  globvH,  tli» 
han^ng  from  the  scales  in  equilibrium,  wan  tlioi 
imujersed  in  water,  and  if  this  operation  diiturM 
the  equilibrium  it  was  known  that  Uw  exlerul 
vulum<M  wvre  not  equal.     Let  p  be  the  wcigltt 
which  must  bo  put  bto  one  scale  to  roflton  ttfM- 
brEum;  then  this  wviglit  of  water  reprMtots  Ai 
difference  of  the  two  txtomal  voIuiiim;  awl  I 
next  oi>eration  was  topnpar«asmnll  pii:cco(| 
tube  closed  at  the  ends  which  sliould  Iom  p  «to 
weighed  in  water.    The  larger  ol  tlie  two  gk*" 
woa  used  for  containing  the  gaaea  to  be  weighed,  and  tbo  aottlct 
globe  along  with  this  piece  of  tube  constituted  the  connterpoM 
Since  the  volume  of  tlie  gao  globe  was  exactly  the  same  as  tbtt* 
the  oounteTpoisc,  the  prvmurc  of  tlie  external  air  had  no  tendtncTl* 
make  either  preponderate,  and  variations  in  the  condition  oftlixit 
whether  ait  n'-gards  preaoure,  teini>erature,  or  humidity,  had  H^* 
turbing  effect, 

839.  Absolute  Densities. — In  order  to  convert  the  preceding  nUi'* 
detenninatioQs  into  absolute  determinations,  it  is  only  ntaamfj  V 
know  the  precise  internal  volume  of  the  globe  at  the  tomptnM* 
0^  C  In  order  to  determine  this  with  the  utmost  possible  exacUM 
the  following  operations  wvrv  pcrfurmod. 

The  globe  waa  lirxt  weighed  in  air,  with  its  stop-cock  opa,Al 
tenpenUura  of  the  air  and  the  height  of  the  IwraiiMUr  bn( 
noted. 


ni.ii* 

nowrimwcu. 
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"  wm«  tlifii  filled  wiUi  water,  special  pripcatitiona  being  taken  to 
AXpol  every  particle  of  air;  uiid  waa  placed  for  several  boure 
in  Um  midot  of  melting  too,  to  tusure  ito  bcin^  filled  with  n-ater 
atO-C. 

TIic  rtfip-oodc  wan  thvn  dosed,  and  Uie  globu  wiu)  left  For  two 
hnun  in  a  room  whidi  had  a  very  steady  t«inperature  of  C*.  It  was 
tlwa  wvight>d  in  tliLi  room,  the  height  of  tht:  barDn]«ter  being  at  tlie 
«me  tini«  uWrvod.  Tho  diHerence  between  thia  weight  and  that 
of  the  gliilw  Iwfore  the  introduction  of  the  watiir,  was  the  weight  of 
th«  wat«r  miniu  the  weight  of  the  saine  VQlumo  of  air,  Kiibj^^'ct  to  a 
utall  comviioQ  for  cluing«  of  (tensity  in  tlic  external  air  Ix^tween 
th«  two  weighings,  whidi,  witli  the  actual  heights  of  the  t>aromet«r 
aml  thi-nuotni-'t^r,  was  infl«n.iible. 

Tlin  wfight  of  water  at  0'  whidi  the  globe  would  hold  at  0°  was 
bcrcfuro  known;  and  licn«o  the  weight  of  water  at  4*  (the  tenipera- 
luf  niaxitDum  density)  which  the  globe  would  hold  at  0°  was 
1.  from  tiie  known  expansion  of  water.  This  weight,  in 
gtanuDiBi,  is  equal  to  the  capacity  in  ctibic  cuntiiii4;tn.vi. 
Tb«  nault  thuH  olitained  waa  Uiat  tltc  ca{Mt«ity  of  the  globu  at  0* 
w  0881  eubte  cenlinietreic,  an<l  the  weight  of  the  di^  air  whidt 
filled  it  at  0*  and  a  presHure  of  74(0^"  waa  1S'77S  grammes.  Ucnce 
I  thr  wnight  (or  mass)  of  1  cubic  centimetre  of  such  air  is  "OOISOSZ 
p%mttn\ 
Tliifl  experiment  was  i>erformed  at  Paris,  when;  the  valueof  ^(the 
l^iteiinty  of  gTKvitj)  a  98(H)4i  and  unx  the  density  of  niercuiy  at 
V  b  IS'SOS,  tlie  prcMUro  of  7G  centimetres  of  mercury  viut  equivm- 
,to 

I^Haa  per  Hqtuire  ccntjmctro, 

Uwe  divide  tJio  density  jUHt  found  by  I'OlSfi,  wc  obtain  the  den- 
|*^y  of  air  at  0*  and  a  premure  of  a  million  dynot  ])er  M|uar«  centj- 
1  *•<»),  which  i«  a  convenient  titaudanl  for  general  reference;  we  have 
\^ 


A  ljir»  or  cable  d«eiiDetrc  contain.'*  tOOO  cubic  oontinit*.    Hence 
)  w«gbt  of  a  litro  of  air  in  the  stoniUrd  condition  a<)opt«d  by 
Jtifl  1  2!t:!2  '^Tntiimci 

foU'twing  talilr  gives  the  densitim  of  several  gases  at  0*  C.  at 
Ipnaauro  of  760  miUinietres  of  niercoiy  at  Paris. 
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Sum  tt  au  BaUtIn  DmUQ 

All » 1 

Oijrgra. .-  1-10003 

BydragaB •» "00929 

NitfogML — -97187 

Chlcrin* _ S-4S10 

C«rlM>niu  oxide » -BEOB 

Cktbonia  aeid liSPOl 

Fn>tflxld«  n[  nitmitviL IfMO 

Ulnoxtde  of  nlcrojpiD lHUt 

Sulphtiniiu  wid S'lMO 

C7«Kigm...  - _ 1-80M 

MurOi-gi^.    ...» »....       -060 

OleSuit  KM. «BS 

AnaonU ■• '09OT 


830.  Drdnght  of  ChimadyB. — The  exp«Dsion  of  air  by  htmt 
duces  the  upward  ciim-Dt  iii  cliiinnv^-s,  and  an  approximate  expn*- 
sioD  for  the  velocity  of  this  current  iiiay  ht-  obtained  by  the  a^iplloi- 
tioti  uf  Turrictrllia  theorem  on  the  t-illux  uf  Quid*  froin  oriiiM* 
(Cbi^).  xxiii.). 

Suppose  Uie  cliimm-y  to  be  eylindrioal  and  of  height  h.  T^  lit 
air  within  it  bo  at  tlic  uniform  t«iiip<-r»ture  ('  Centigrade,  luiil  Ibt 
vxtemni  air  at  the  uniform  temperature  C  According  to  ToTTMCa 
theorem,  tlie  square  of  iJte  linear  velocity  of  efflux  is  equal  to 
product  of  in  into  the  head  of  fluid,  thu  t«mi  hfitd  of  jIhuI  U 
employed  to  dtnot^?  tlie  prewmre  protlucing  efflux,  expreared  in  I 
of  tleptU  of  tite  Jfuid. 

In  the  present  case  tliis  hc«d  is  tiw  dttf«rence  botweeo  A,  whA  1*  I 
the  height  of  air  within  tlio  chimney,  and  the  height  which  a  coluniD 
of  t!ie  external  air  of  oroginal  height  k  would  have  if  exjaato^ 
upwartla,  by  rniHing  its  temperature  firom  f  to  ^.     Thin  latter  bd|hi 

H  h  —^ ;  m  dcuoUng  the  coefficient  of  expamuon  -00366;  and  lb* 


heaw)  ta 


'l  +  ar 


Ht^nce.  denoting  by  ti  the  velocity  of  tlie  current  up  the  chiniiwj.** 
liave 

l+Ql        • 

This  inveffttgation.  though  it  gives  a  result  in  exceaa  of  the  ttittk 
from  neglecting  to  take  account  of  frictiou  and  eddiea.  ia  '■■rflWm^  It  I 
explain  t3ie  princijial  circumataDoee  on  whieli  the  strength  of  dnMgbi 
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It  shows  thBt  the  draught  increases  with  the  height  h  of 
I  ehimney.  utd  alao  with  the  <liffiu«r.oe  t'-t  between  the  intemai 
fXtcrnal  tempwnturw. 

Ite  ■Imuyht  is  not  KO  good  when  a  fire  is  first  lighted  as  after  it 
»i  Iximtng  for  some  tiaie,  becauiie  a  cold  chimney  chills  the 


II;  CO  — RumtMil  1  nif|4a(ft 

within  iL     On  the  other  hand,  if  the  fire  is  so  ri'^ilat^'d  a»  to 

rp  the  niuin  at  the  luuiie  tenigiej^ture  in  all  wealliers,  tlio  draught 
bo  slrou;,'i-itt  when  the  weather  in  cold<-i)t. 

1m  opening  at  the  lower  end  of  the  diiinney  should  not  be  too 

U<  nor  too  bi^ih  above  the  fire.as  the  air  from  the  room  would  then 
r  it  ill  loii^*  ((uantity,  without  boin;^  firat  warmed  by  passing 

cnigh  tba    tire.     Thrse 

n!ti  pn-%'ailetl  to  a  ^-iit 
t   io    eld    vliiutneyit. 

mford  was  the  tirst  to 

n^  ntionol  iuprove- 
He   reduced    tho 

Iniog  of  the  vbimney  and 
ilepU)  of  lb"  tireplao*, 

iwidvd  jfoli-ttu'd  plates 

llbod  at  an  angle,  which 
both  to  guide  the  air 

thn  fire  anil  to  reflect 

t  Into  tlie  rootn  {Kig.SSOX 

be  blowMT  <Fig.  241)  produoea  its  well-known  effecU  by  compel- 
all  air  to  pim  thn>ugh  the  Are  before  entering  tbo  cbiitiney. 
at  one*  improves  the  draught  of  the  chininv<y  by  raisiug  the 


i^.;j.     liiti.:....  -.1.  fj-.'i 
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tcmperftturc  of  th<-  air  within  it,  luid  (piickuiw  oombusUon  bf 
crcAKing  the  supiily  of  oxygen  to  the  fuel. 

331.  Stovflft. — The  heating  of  rooms  hy  open  fireplaces  is  etfod^aJ 
alnK«t  entirely  by  radiacioti.  and  much  even  of  tho  radiant  he«t  hi 
wasted.   This  mode  of  heating  then,  though  agreeable  and  healthfal, 
is  Ear  from  euonomicoi.     Stoves  have  a  great  advuitag«  in  point  of 
economy;  for  tlio  ht«t  abMorbod  by  their  .lides  in  in  grent  Dieasore 
given  out  to  the  room,  whereas  in  an  onltntiry  fir»pJ«cD  the  grMler 
part  of  tliis  heat  is  lost     Oi>en  lireplaoes  have,  however,  tho  odvnn- 
toge  aa  regards  ventilation;   the  large  opening  at  tho  foot  of  Um 
chimney,  to  which  the  air  of  the  room  has  Free  aeceoH,  <?aiL<)«8  a  largo 
body  of  air  from  the  room  to  ascend  the  chimney,  its  place  boing 
supplied  by  fnish  uir  cnt<;ring  throii;;li  the  chinks  of  the  doon  and 
windows,  or  any  other  u|H^nin^  which  iniiy  vxisi. 

Stoves  are  abu  liable  to  tlie  objedJon  of  making  the  air  of  tlw 

room  too  <iry,  not.  of  courve,  bj  n- 
moving  water,  but  by  raixitiig  Um 
teniporature  of  the  air  too  tmh 
above  tlio  d<>w-point  (Chap,  xxxiv.). 
The  itftmo  thing  occurs  with  oftm 
Itn-jiloci^    in    frosty    wi.tntlM.T.    M 
which  time  the  dew-point  is  m- 
UHually  low.     This  evil  «an  be  n- 
mvdivd  by  placing  a  vemo)  of  wolo' 
on  Uto  stove.    The  reason  why  it  in 
more  liable  to  occur  with  Movn 
titun  witJi  o|wn  fireplaous,  is  maiBll 
that  tlie  former  niao  the  air  hi 
the  room  to  a  higher  t<Mu|wratan 
than  the  Utter,  the  defect  «if  air* 
teinptirHtore  being  to  the  lalti^  tarn 
compensated  by  the  ii)t<'it-.it-y  of  th» 
direct  radiatloD  from  the  g)i 
fuel. 

Fire-clay,  from  Hi  low 
ing  i>ower.  is  very  aarriaaith 
^  "for  the  backs  of  tirephwi*  aod 

t]ie  litking  of  stoves.    In  tho  fi 
siluatiiin  it  prevent/t  the  wasteful  cscapo  of  heat  haekwards  into  i 
diimney,  and  keeps  the  back  of  the  Are  nearly  aa  hot  as  the  < 
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ipedes  Uie  latitra] 


of  hlwt,U)UB 


lintng  to  stoves,  i 
Fanswvriit^  tbo  double  puipose  of  preventinj^  tlw  sides  of  tbe  atore 
fnjoi  uvurh««tiug.  uim]  at  tlie  aame  time  of  keeping  op  tlie  t«mper&- 
itttwuf  (JiQ  drc.aiHl  tiicrcby  promoUii;;  oompletc  combustion.  Ita  oae 
niut,  liowwur,  b«  coufititxl  to  tlmt  portion  of  thu  »tuve  wliich  servos 
u  Uia  Hrvboz.  as  it  would  odiervrise  prevent  tiie  heat  from  being 
given  out  to  the  ap&rtment. 

The  Htuve  represented  in  Fig.  S2S '  belongs  to  the  class  of  what  &re 
cbUikI  iu  France  e^Uorifirts,  and  in  England  ventUati'og  atows,  being 
oooatnictMl  witli  a  view  to  promoting  the  cirvulation  and  rL>nuwii]  uf 
^tha  air  of  tfa4^  n|>artiiii.'nt.  O  is  the  tiro-box,  over  whicli  \»  tlie  fcvKlvr 
H^.  oontainJng  unhumod  f ui-J,  and  tjgbtly  closed  at  top  by  a  lid,  whivh 
^Kt  naiHivvd  only  when  fresh  fiit^l  Li  to  he  introduced,  llie  a&b-pan 
^PP  haa  a  door  pierced  with  holes  for  admitting  air  to  support  oom- 
Ktmstion.  Tlie  flame  and  smoke  issue  at  the  edgo  of  tlie  <trc-box,  and 
^ mbmt  drnilating  round  tbo  chamber  O  wlitch  HUrruiinils  the  feeder, 
tbv  I'.!"'  T  whicli  leads  u>  tlio  chimney.  Tbo  diambcr  O  ia 
A  by  another  iodosure  L,  tJirough  which  fresh  air  pamea. 
itering  below  at  A,and  encaping  into  the  room  through  perforation.^ 
tb«  apper  juui  of  thu  stove  as  indicated  by  the  arrows.  The 
nuunt  of  freiah  air  thus  admitted  can  be  regulated  by  the  tbrottle- 
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332.  Quantity  ot  Beat. — We  have  discussed  in  provioua  < 
the  measurement  of  temperature,  and  h&ve  seen  U>at  it  w  to  i 
eitent  arbitrary,  since  intervals  of  temperature  which  lunt . 
measured  hy  th«  expiiiuion  of  one  substance  ar«  not  e<)ual 
iurod  \>y  Hie  vxi>uti.-«ioii  of  anothi;r. 

The  luuanuruniont  of  quantities  of  heat  stands  u{X(n  an  cntlM 
did'vrent  footing.  There  Ls  nothing  arbitrary  or  cuuvi-ntioul  ' 
asserting  the  e<]uaHty  or  inequality  of  two  quantities  of  booL 

833.  Principles  Assumed. — Hie  two  following  principles  wuf  I 
regarded  as  axiomatic. 

(1)  The  hvat  which  muitt  be  givon  to  a  body  to  raJM  it  thro«j;li 
given  range  of  t«»ipcratun>  at  constAiit  proitnitv,  is  e<|ual  to  th 
which  the  bixly  gives  out  in  falling  through  the  aonie  nm;^  of  IH 
perature  under  the  same  pressure.  For  instance,  tliv  Iii4t  «Ui 
must  be  given  to  a  gramme  of  wat«r,  to  raise  its  temjicrature  fni 
6*  to  10*,  is  equal  to  that  which  is  given  out  from  the  satM  vat 
when  it  falls  from  10*  to  B*. 

(S)  Id  a  homogeneous  substance  equal  portions  n-tjuiru  equal  qvti 
titJes  of  heat  to  raise  them  from  the  HaniA  initial  to  the  sane  fa 
temperature;  so  tliat,  for  example,  the  heat  required  to  t^H"'** 
grammca  of  water  from  5'  to  10*  is  double  of  that  whidi 
to  raise  one  eramme  of  water  from  5*  to  10*. 
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itioo;  tempentiira  being  conventionally  iia-aHiirvd  Ijy  the 
xpuuton  (real  or  apparent)  of  aome  aelecttnl  <iubAtaii«e. 

It  wouM,  however,  be  quite  possible  to  adopt  a  scale  of  temjHira- 
tora  based  on  the  eloration  of  temperature  of  some  pm-ticnlar  sub- 
•tuwa  wh«a  sai^iUed  with  hvat  We  might,  for  instance,  detine  a 
dogYve  (at  least  between  the  limits  0'  and  l60*}  as  being  the  elevation 
of  tenpemture  pnkluoed  in  \vat<>r  of  any  t<iii)perature  by  giving  it 
one  bandredth  pari  of  the  ht^t  which  would  bo  required  to  xnitie  it 
bom  0*  to  100^. 

Experiments  which  will  be  doeciibcd  later  show  that  if  air  or  any 

I  of  thv  more  permanent  ;;a«(»i  wiire  in-'ltfctcd  as  theaiandord  Hulisbnncc 
Cur  thu»  deSning  oqaal  inten'als  of  tempvmture,  the  scale  ubtuincil 
Would  be  sensibly  the  Hnme  as  that  of  the  air-tliormonteter;  and  the 
tgnettwnt  is  e^tecially  close  when  the  ga»ee>  are  in  a  highly  rarelied 
unditioo. 

S96.  Unit  of  Heat. — We  shall  adopt  as  our  nnit,  in  siating  quon- 
tilict  uf  heat,  tho  heat  required  to  raise  a  fprommc  of  cold  waUt 
ihioQgh  one  degree  Ct^ntigradc.  This  unit  is  called,  for  distinction, 
tho  icnuniiia  degree.  The  kilogmnmo-dcgreo  and  the  poond-dcgree 
an  itomeciinud  employed,  and  aro  in  like  manner  defined  witli  refer- 
■im  la  cold  water  as  the  standard  subatanoe. 

IWe  a  not  at  present  any  very  precise  convention  as  to  the  tem- 
^— pnunra  at  which  the  cold  water  ia  to  he  taken.  If  we  tiay  that  it 
^B*  to  bs  within  a  few  di^^rees  of  th«  froeung-point,  the  spccitication 
^Hb  aJBdaii Uy  accurate  for  any  thennal  measurementa  yet  mode. 
'  I96l  Tfaennal  Capacity. — If  a  quantity  Q  of  heat  given  to  a  body 
"Mw  its  temperature  from  ti"  to  tj,  the  quotient 


r 


the  quantity  of  heat  given  by  the  rise  of  imiperature  which  it 
("^^duees,  in  calird  the  m«an  thermal  cajxu'tty  of  the  body  between 
^  temperaturea  1%*  and  t^. 

A«  (,  ia  brought  nearer  to  ti,sotta  to  diminish  the  denominator, 

^  ouraerator  Q  will  aUo  diminish,  and  in  geoeral  vury  nearly  in 

I       ^  Mnie  proportion.    Tlie  limit  to  which  the  fraction  rq)prOAclte«  aa 

t|ii  brought  oontinually  eleaer  to  t|  ia  called  the  thermal  capaoUyot 

Dw  body  at  the  temperature  (i*.    That  is,  in  the  language  of  the 

di&nnitial  calcuUut.thn  tharmal  capacity  at  C  in  ^. 

frm  the  way  in  whicli  we  liave  defined  our  unit  of  beat,  it  fol- 
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lowK  ihaX  the  thermal  ea[ia«itj  of  any  quantity  of  cold  water  h 
nuinoricAlIy  ecgtial  to  its  nioAtt  expressed  in  gratnincs;  and  that  tbe 
number  which  exprEsaoi  the  thermal  capacity  oC  any  body  may  be 
regai'dad  as  «xpreAHing  the  quantity  of  water  which  would  receivo 
the  Haute  rise  of  teroperaturo  as  the  body  from  the  addition  of  the 
same  quantity  of  heat  This  quantity  of  water  ia  often  ollvd  Ibo 
VKUer-equivalent  of  the  body. 

8S7.  Bpooifie  Thermal  OapacitlM. — Thu  thermal  capacity  of  uail 
mass  of  a  substanc-c  is  called  the  tjiec^  heat  of  tlic  milMtanois  and 
it  18  always  to  be  uinU'rstmHl  thnt  the  t<«iiie  unit  of  mttm  is  eotplogwl 
for  th«  Hubstanoe  nn  for  the  water  which  h  iu«ntioQe<l  in  tbo  dtfid* 
tion  of  the  unit  of  heat     Specific  heat  is  therefore  indepeadiwi  tt 
unitA.  and  merely  expT«aMe  the  ratio  of  the  two  qnantities  of  Ixil, 
wliich  would  roiHo  equal  maaacs  of  the  given  substance  and  of  eoM 
water  tlirou^h  Uic  samesmiiU  dilTcrt^ncc  of  tAmperatutv.   Orwetaay 
regard)  it  na  the  ratio  of  two  mosaea,  the  fiwt,  uf  cold  water,  and  lit 
second  of  the  auhetance  in  question,  which  have  the  same  thcnMl 
capacity. 

Thvrc  is  another  spt-ctftc  thDnnal  capacity  which  it  ia  often  m«»- 
ttary  to  consider,  namely,  thu  Uicrmal  capacity  of  unit  votitnutl  ■ 
sabstanco.  It  haa  not  received  any  biiof  name.  It  in  e<)aal  to  li^ 
man  of  uriit  volume  uniltipliod  by  the  tlionaal  capacity  cf  nil 
maai;  in  other  wordH,  it  is  <-'|u»l  U>  tlie  produd  of  the  dnrntftd 
the  vpedfic  heat  of  the  substance. 

It  is  evident,  from  what  precedes,  that  the  heat  required  t»iu» 
m  grammes  uf  a  substance  through  t  degrees  is  mat,  where  •  lifticW 
iXv:  iiK-an  HiH-cilic  heat  between  thu  initial  and  the  linal  temponMM 
and  the  some  exprci<«ion  denotca  tlic  quantity  of  boat  vhtdi  tt> 
body  in  question  loses  in  cooling  down  tlirough  t  degraea. 

888b  llethod  of  Mixturas. — Let  m^  grammea  of  %  mtstaMr  tf 
apedfie  heat  «|  and  temperature  t^  be  mixed  with  ntt  gramma  ti  ■ 
substance  of  specific  heat  ^  and  ttuiiperature  V>  the  mixtar*  txiW 
merely  mechanical,  so  that  no  heat  Ls  generated  or  absorbed  bjr  iflf 
action  between  the  subst&now,  and  all  external  gain  or  lo«  of  ha* 
being  prevented.    Then  the  warmer  substance  will  ^ivo  hral  1"  iW 
colder,  until  they  both  come  to  a  common  temperature,  whSch  «i 
will  denote  1^  L     Tlio  warmer  sulvtance,  which  we  will  suppoM  li 
Ix)  the  former,  will  have  cooled  down  through  the  nuige  ti— I,  lal 
will  have  lost  mijt,(f|  — t)  unita  of  hoat     The  colder  snbataiM  «3 
have  risen  through  the  range  t—t^,  and  will  have  gained  mtJ^t— (J 
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Tbeae  two  expressions  rapresent  the  same  thing, 
r,  the  boat  given  hy  itw  warmer  bodj  to  the  colder.  We  may 
MPt  write 

^B  fere  more  tliao  two  compooenta  in  tlie  mixture,  similar 
H  will  litlU  apply;  thu»,  if  tli«re  are  three  oomponents,  the 
^■eupMrature  will  be 


t» 


m 


m 


f  speaking, «)  in  tliase  formulie  denotes  (he  mean  specific  b«ai 
fitBt  substance  between  tbo  teroperaturo!  tt  and  t,  Sf  th«  meaa 
t  beat  of  tb«  second  substance  between  fj  and  I.  and  au  on. 

tiot  ocouHaary  to  auppone  the  two  bodies  to  bo  liu-rally  min^L 
'  tima  may  bo  a  aoHd  and  the  otliur  a  liquid  iu  which  it  is 
il.  Th«  fonniilw  ^iply  whenever  bodicj*  at  (lillert-iit  toiiipera- 
M  foduoed  to  a  common  teni|>eraiurc  by  intcrclmnge  of  heat 
Ih  another. 

Praotioal  Application. — The  following  is  an  outline  of  the 
1  modt  &t:(iuently  uuiployed  fur  detvnuining  the  spocific  beats 
1  bodies. 

body  to  be  t«st«d  is  raiMd  to  a  known  tciii[)vmturc  t,,  aud 
luagud  into  water  of  a  known  tcuipcraturo  (j  contained  in  a 
ippar  viMkcl  called  a  eahrivieter.  If  mi  be  the  iiuum  of  the 
If  that  of  the  water  before  iniinei'sion,  and  (  the  tinal  tempera- 
^1  wliid)  are  directly  observed,  we  have 

n  tba  spadfio  beat  of  tlie  wnt«r,  may  bo  taken  as  unity.   Honcc 


Kmetic 
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tions. — The  theoretical  conditions  which  are  assumed 
above  calculation,  cannot  be  exactly  reali^ied  in  practace. 
be  calculation  assumes  that  tlie  only  cxchonj^o  of  heat  U 
o  the  body  and  Uie  watur,  which  is  not  actually  tlie  case;  for 
ha  body  is  often  contained  in  au  unvoloiM?  wliich  oools  along 
,  and  tliua  funLishes  i»<u-t  of  the  heat  given  np. 
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2.  The  hefit  is  not  given  up  ext^lufuvety  to  the  water,  bat  putly 
to  the  calorimeter  itself,  to  the  thermometer,  and  to  siicL  otbA 
instruments  as  may  bo  employetl  in  tlio  exporimcDt,  as,  for  jprtaaw^ 
a  rod  to  stir  the  liquid  for  the  purposo  of  oxtabliiihiiig  unifonnity  of 
tvmpvraturo  tiiruugliout  it. 

In  order  to  take  account  of  UK»e  distturbing  circamsteaces,  ft  i* 
only  Decessary  to  know  the  thoniial  capacity  of  each  of  the  bodiea 
wUch  takes  part  in  the  exchange  of  beat.  We  lihall  then  hav«  sncJi 
an  equation  as  the  foUowinj;: — 

whvre  C]  denotes  the  Uiftnnal  capacity  of  Uic  envelope,  and  e^cvoi*)* 
thetJicnnAlcapooitiesof  thecalonmi-ter.theniiomcter.audstimngnxi 

[1.  Tlie  calon meter  gives  out  heat  to  Uie  Hurrounding  air,or  takei 
heat  from  it.  This  difficulty  i»  often  met  by  contriving  tltat  Uw 
heat  g^ed  by  the  calorimeter  from  the  air  in  tho  first  part  of  tb 
experiment  ahull  be  an  nearly  oa  possible  equal  to  that  wbidi  H  kN* 
to  the  air  in  tlie  latter  parL 

This  coudition  will  bo  fulfllled  if  the  average  temporatui*  of  tb* 
calorimeter  (found  by  talcing  the  mean  of  numerous  obacrTatiom  :>< 
eijaol  Rmall  intervals  of  time)  is  ei|ual  to  the  temperature  of  the  ^  ' 
A.t  the  immersed  body  gives  out  it«  beat  to  the  water  very  raj'^^iii 
at  first,  and  then  by  degrees  more  and  more  slowly,  the  initial  flef«<t 
of  temperature  must  be  cunsiderably  groater  than  the  fiual  exMa 
to  make  the  compensation  exact. 

Instead  of  attempting  exact  oompctuation,  some  observcn  la** 
determined,  by  a  aeparatc  exporimeotvtho  rato  at  wlUcb  inlflidHiV 
of  heat  Laki.4  place  between  the  calorim«tvr  and  the  air,  wlioo  tb» 
is  a  given  dillerence  o!  tomporature  between  tliem.     Thii  oa  ^ 
ofaserved  by  lilliDg  the  calorimeter  with  water  in  which  a  tlun* 
meter  is  immersed.    The  rate  of  interchange  is  almost  eiacUy  i"* 
|ii:>rtioiial  to  the  difTtircucu  of  tcmpemturo  between  tlie  mhuiiaiM' 
and  the  air,  and  ik  independent  of  tiiu  nature  of  tb«  contnita 
law  of  interchange  having  thus  been  detcnuiiMtd.  Uic  temporaUin' 
Uie  ealorinieUT  mu><t  be  ot.«served  at  stnted  times  during  the 
of  the  exiierimt^nt  on  specjlic  ht-at;  the  total  heat  lost  or  gaineA 
interchange  with  the  air  will  tliun  be  known,  and  thb  total  ht^ 
divided  by  the  total  thermal  capacity-  of  the  calorimeter  and  its  a» 
tentfl  gives  a  correction,  which  is  to  be  added  to  or  sabtraeted  fns. 
t  the  olKi-r\'ed  linal  temperature. 


IIKGNAULT'S  CALOBIHBTCIt. 


315 


841.  B«fBftttU's  Apptratns. — The  subject  of  ap«dtic  host  has  been 
i&ToatigttMl  with  great  care  by  Regnault,  who  «i»ploy«c]  for  tliat 
purpoMe  an  apponttw  la  wliivh  the  advantagva  of  conveiiicticc  aui! 
|K«eUoa  an  eombliuxl.  The  body  whose  specific  heat  is  retjiiired  is 
divldod  into  mall  frrngmeots,  wliich  nrc  placed  in  a  c>'lindrical 
l«ak«t  O  (Fig.  223)  of  very  fine  hnuts  wire,  la  the  centre  of  which 


1 1  tobe  oF  the  same  material  for  the  insortion  of  a  thermometer. 

(TW  kukot  is  shown  separately  in  the  tigurv  on  a  lai;ger  xcalo  than 

>  nrt  of  the  appantun.     Tliis  b«uket  is  nuspoiuled  in  the  central 

BBni  of  the  BteanicT  A  B  O,  the  suspending;  thread  being 

hy  the  oork  K,  tliitmgh  which  tlie  stem  of  the  thermometer 

The  BLeaioer  oonaiitts  of  three  concentric  cylinders,  tlie  two 

r comportments  being  occupies!  by  st(>am,  whicli  is  supplied  from 

bailer  V  to  tlie  second  eonipartm^Qt,  and  finally  escapes  from 

ootcmoAt  oompartiDent  through  the  tube  D  into  a  condenser. 

1^  Ixitt'itn  of  the  staamer  are  a  pair  of  slides  E  which  can  t)c 

.  out  when  requirvd. 

I  steamer  Rmta,  by  means  of  a  sheet  of  corlc,  upon  a  hollow 

vmw)  M  N,  ooniustti^  of  a  horizontal  portion  M  and  a  ver- 

portion  N,  filled  with  cold  wat«r,  and  sening  as  a  screen 

tliis  calorimeter;  the  horizontal  jwrtion,  and  the  cork  above  it, 
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banng  a  hole  in  the  c«atve  large  enough  for  the  basket  O  to  {MM 
through.  . 

The  cslorimou-r  iUmU,  which  U  hLowd  bvuontti  the  Bt«aiuer  in  Uia 
figure,  18  a  tossoI  of  vorj-  thin  polishixl  hraat,  reeling  by  thrM  points 
apon  a  suiall  wooilvn  sk-il,  which  niiui  tiuioothly  along  a  guitiiof 
groove.  The  thvniiomotcr  for  mcnsuring  tlie  t^-nipvraturD  uf  tbr 
water  in  the  oaloriineter,  is  carried  by  a  support  atitach<xit  to  thu  «led 

Tlie  Ixuikel,  with  its  contents,  it  U-ft  in  tJie  steaiucr  until  tlie 
temperature  indicated  hy  the  theniionietei-  has  been  for  oome  tinw 
stationary.     The  ca!oriiiit't*r,  which,  Up  to  this  time  has  Un«  ktft 
w  far  away  as  it  can  slido,  is  Uicn  pushed  iuto  the  position  fhoni 
in  the  Bgure,  the  slides  E,  whidi  close  tlio  bottom  of  the  compart* 
mrnt  in  which  tlic  buakot  is,  arv  drawn  out;  and  tliu  cork  at  tlto  hqi 
having  bc<.-n  looHcned,  tlie  haaket  in  lowered  by  its  tmpporting  thiMJ 
into  the  calorimeter,  which  is  imniediat«ly  slid  liack  to  ita  funitrr 
place.    The  basket  is  then  moved  almut  in  it  until  the  water  atum 
ita  maximum  temperature,  which  in  read  off  on  the  thermonukc. 

To  dotumune  the  specific  bMt«  of  liiiuids,  a  thin  glass  tuln  ■ 
employed  instead  of  the  loMkct.  It  in  nearly  filled  with  th«liqaid 
and  hcruivtically  »oelcd. 

Kor  solida  which  are  soluble  in  water,  or  ut*on  which  water  hut 
clu-mical  action,  some  other  liquid — oil  of  turpentine,  fur  exafft 
is  phiccd  in  the  calorimeter,  instead  of  wat«r;  and  tb«  nxima^ 
is  in  other  respects  the  same. 

"Vhe  specitic  heato  of  svvenil  sul)stanc<»  are  given  in  iLv  fullun^ 
table:— 


Wator.        ....     1-00000 


flOUD*. 


AaOaonj, 
mnt.    . 

Bbnuih. 
CMmluMi, 

0»pi«,  . 
DUouoiil, 
Ha.  .  ■ 
Inn,  .    . 


AmUcmkL 
AIduImI  M  80*, 


4-06MI 
4-O8H0 
0-0)004 
0-06000 
O-StlSO 
0-093IS 
O-MSOO 
O-OGOU 
0-I1S70 
0-OSilS 

e-oma 
«<uso 

O-OIBS 


lavaiM. 


B»* 

Kiokd «') 

OoU. o-«»a*« 

Plu^lKira^     .    .    .  0-l»*«* 

FUtfauai.    ....  «1»3'^ 

LMi O'OK 

Pln»hiei\  ....  04S 

<1U-^ ^-  ^^i 

ZfaMV.      .  (K»^^ 

u* 

Bth<r. »^  ^^^ 

Oil  <4  UqwuliM^   .    .    9>^ 


rrt ■ a ■ r-n" — — - 

beat  as  »  pound  of  iron  in  cooling  from  000'  to  0^  This 

rater  is  utilized  in  tlie  beating  of  buildings  by  hot  wat«r. 

familiar  instances,  such  aH  thti  bottluiof  hot  watvr  uaed 

beds,  and  milwny  foot-wann«f8. 

Be  Heats  of  Oasea. — Rtrgnault  made  very  careful  dct^r- 

E  the  a[>ecific  heatA  of  air  and  other  gases,  by  means  of 

ji  in  which  a  measured  quantity  of  gas  at  a  known  t«m- 

paj§M?d  through  a  seriea  of  epiral  tubes  surrounded  by 

d  finally  I'scapod  at  a  tcmi>eniturc  suusibly  tbv  »am« 

water.    Th«  «l«vatiun  produced  in  Uic  tumi>oraturv  uf 

UiiH  [>roc«m,  furnbthoi  n  mcaaure  of  Utv  (juiuitity  of 

It  li^'  tlw  gas  in  falling  tJtroiigh  a  known  range  of  tetn- 

le  gas  had  sensibly  the  same  prcssuro  on  entering  as  on 

Uortm«t«r:  the  specific  heat  det<,'rmiiied  by  thv  etx|)vrt> 

Mireforo  tlio  spi-cific  hc«t  at  comOaut  prtsmrt.    This 

I  bo  carufuUy  di^tinguiidivd  from  tho  Hpcctfic  licnl  of  a 

ml  volume.    The  connection  between  the  two  will  be 

I  later  chapter. 

experiioentfi  established  the  following  conclusions, 
ific  heat  of  a  gas  ia  the  same  at  all  prefitmres;  in  oth«r 
capscity  per  unit  volume  is  directly  as  tho  dvn- 


ific  h«*tit  of  diflV'runt  simple  gaam  arc  a]>i)roxiiiintely 


ff^  -^^  i*^ 
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(S)  The  speciHc  liont  of  a  gas  is  th»  siuno  at  all  temperaiura^  I 
peraturo  being  mvaaiircd  lpy  the  air-tliorniomclcr,  or  hy  tboexf 
of  thu  gas  itself  at  constant  pressure  This  is  oquivalcnt  to  tiio  i 
tion  tliat  ^  equal  quantitxta  of  litat  be  aueeetsitxly  added  to  a] 
at  eonttant  preamre,  Ote  voluvxt  of  Uu  gaa  itili  increate  in  ariik- 
tnetical  progression.  We  here  neglect  the  alight  diflerenoee  whidi 
exist  between  the  expansions  of  diiTerent  gases,  and  also  tfadr  aliglil 
dupELTturvs  from  BoitIu'h  law. 

The  Bpccilic  heat  of  «iry  air  (nt  constant  pressure)  aooordiag  !• 
Regnault  is  -SS75. 

The  three  laws  above  stated  are  also  true  for  ibe  specific  boat  of 
gaaea  at  wnstant  volwme.  The  third  taw  may  then  be  stated  io  tlu 
following  form: — 

1/  e^iual  qnantities  0/  heat  be  'sueeesaivdif  added  to  a  ffcu  at  am- 
stant  tWuirtc,  tJtf  prcsnure  wiU  incream  in  arithmeticat  prvgnmim. 

344.  Dalong  and  Petlt's  Law. — According  to  lh«  laodera  molfr- 
cular  tlicory  of  gSMa.all  simple  gases  ai  the  aone  preanire  anil  tea- 
pomturo  have  the  same  number  of  atoms  per  unit  volume.    HmJ 
mass  of  an  atou)  of  any  gas  will  thorcfore  be  proptotioiial  to  the 
relative  density  uf  tJie  gas,  and  law  (2j  of  last  section  will  ndiKK  j 
to  the  following: — Tbe  specific  hi-ats  of  different  simple  gaaos  an] 
uiverat-ly  us  thv  nianvcn  of  thvir  atoiiui. 

Tbu  second  stotetucut  of  the  same  law  assumoi  th«  following  1 
more  simple  form: — 

An  atom  of  one  yaa  fum  the  crame  iAermat  capacit*/  as  an  atom  1 
any  other  gas. 

What  is  called  in  chemistry  tlie  atomic  weight  of  an 
Bubetancti  is  proportional  to  the  suppuscd  man  of  an  atom  of 
Bubetonoe,  and  is  beheved  to  be  proportional  to  the  relative 
of  Uie  Bubetaiice  when  reduced  to  a  state  of  vapour  at  high 
ture  and  low  preasura 

It  wa.4  remarked  by  Dulong  and  Petit  that  the  specific 
elementary  substances  are  for  the  moet  part  in  the  inrena 
(approximately)  of  their  atomic  woiglite;  or  the  jrroduet  of 
heat  an/{  alomie  uvlitbl  is  (approximately)  coneUml.    The 
is  very  rou(;b  wlien  Uie  apedfio  heats  ore  taken  at  onlinaiy 
turea;  but  it  ia  probable  that  at  very  high  temperatures  the 
would  bo  nearly  exact. 

84fi.  Ice  Calorimeteis. — In  the  calorimeterB  above  doseribed. 
heat  which  a  body  loses  in  cooling  is  measured  by  the  elevmtiea  1 
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tanipenttora  whith  it  prodaces  in  a  mass  of  water.  In  ice  calori- 
liiiifiil  II  Uiin  heat  is  measured  l>y  the  quantity  of  ice  (initially  at  tlto 
Cnciiiig-point)  which  it  melta.  lo  nrae  ioe  calorimetera  the  water 
pnHlm*mJ  by  melting  is  collvictod  aiu!  weighed;  in  Bunficn's,  the  mea- 
amBunt  dcpondii  u^wn  tbu  diminution  of  volume  which  oocurs  when 
ioB  melbk 

M6.  Kethod  of  CooIIb;. — AUempt«  have  Mmetimw  boon  made 
to  eompon:  tlici  sjiitoitic  Iii^t.^  of  different  substances  by  nutona  of 
thm  timet  which  they  occupy  in  cooling  through  the  same  lange.  If 
two  exactly  simitar  thin  ntctallie  vessels  are  filled  with  two  dilff^rent 
cttbBfcaaoes,  and  after  beiu^  heated  to  a  oomuoa  temperature  are 
allowed  to  eoo)  in  air  under  the  name  oondiUons,  the  times  which 
tiMy  occupy  in  fftllin;^  to  nuy  other  common  temperature  will  bo 
pcoportional  to  thi:  iiuontitius  of  hi-nt  which  tJicy  vniic.  Tliwi,  if  tliu 
eoirt«ala  o(  the  vestseU  be  at  senaibly  the  same  t«raperattirm  a«  tlieir 
KurfacpM.  we  liave  a  direct  cumparietoQ  of  tlic  thormal  capacities  of 
liir  two  Kubettanoos  pvr  unit  volume. 

In  the  caM  of  solid  aubstaocos,  their  differences  in  conducting 
power  ninder  the  nietho<l  worthlesi;  hut  Regnault  haa  found  that  it 
fivaa  tulcmbly  correct  resulta  in  the  caae  of  liquids.  In  fact  the 
itxtranM  moUlity  of  litjuids,  combined  with  their  oxpan^on  when 
li— fnrl,  prevanta  any  ooiuudcralile  diHerenoo  of  tcmpemttire  from 
axieting  Ib  tha  am?  horizontAl  layor;  »u  tliat  the  oeiitru  t«  iwtu<ibly 
mt  tho  aune  tcuperaturu  an  tlie  circiunferance. 
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FUSIOS   AND  SOUDlMCATtOK. 


S47.  FuAiOD.^Maiiy  solid  bodies,  whvn  raised  to  a  suffidoii 
t«iiipor«lun;,  become  liquid.  ThU  ehuof:^  of  HtAt«  u  called  imM> 
or /utfuni, and  the  temperature  at  which  it  occurs  (ckIIimI  ibc  iaM^ 
point,  or  temperature  of  fusion)  U  coiutant  for  eiicb  Kubabuiet,  cil 
the  exception  of  Uie  voriationa — which  in  ordinary  drcutiuttaamil 
insignitic&nt — due  to  ditlisreuces  of  prca§ure  (§  34il).  Thv  uiellil 
poiuls  of  svvvral  substODCee  ore  given  in  the  following  table:— 


Table  or  Uu.TiMa-Puum^  u  Dkioob  CtsmatixoK 


iitnary, -39 

!««, 0 

BuU«r, 33 

lAid, SI 

8parauo«tl, Ill 

StMrina, M 

YoUovWu, «3 

WMto  Was, 08 

BtvMtaAciii. 70 

rtoMpbOTM^ U 

PotaHtuan, 43 

Sodlnm » 

IndlMv 107 

Sulphur. 1)0 


I 


Tin 

BImML, 

I.-4. I 

ZSae, 

Antimony, 

BMnn, >    .    .  4.,. 

l^lf«  sutw. i 

c»pp«. i 

OidiKKl  Ikdd. 1 

PanO«M, 1 

CMtlton, IMttI 

SMaL IMOMl 

Wi«DcUln«, UMto] 

FlaHnom, I 


Some  tjodies,  such  aA  charcoal,  have  hitlierto  reabtetl  all  tttmi 
to  reduce  them  to  the  liquid  state;  but  this  is  to  be  ottribatod  tl 
to  the  insufficiency  of  the  means  which  we  are  able  to  omjAof. 

It  is  probable  tliat^  by  proper  variations  of  tein|>envtun'  and  p 
sure,  all  simple  subetancee,  and  all  compound  substances  wludt  m 
Dol  be  decomposed,  oould  he  coinpellLxl  to  assume  the  tliw 
solid,  liquid,  and  gaseous. 

Tbe  paasa^  froiu  tlie  solid  to  tli«  Ii<|uid  state  ia  ; 


^ 


■B-r- 


of  th«  relative  proportions  of  solid  and  liquid  in  the 
example,  water  and  ice,  in  any  proportions,  if  bronght 
t«mpemture.  will  be  at  0°  C. 

lw  stated  that,  if  heat  he  applied  to  a  vtuucl  eontain- 

watvr,  tliv  U-mpvraturc  of  thu  contents  will  rciiiaiti  at 

1  ihc  ic«  is  ini'4u-d;  l«it  this  statement,  is  not  strictly 

he  portions  of  tlie  water  in  contact  with  the  sides  and 

t  &om  the  Aides,  will  be  at  a  somewhat  higher  tempera- 

ftbe  portions  in  contact  witli  the  ice.     If,  however,  the 

of  beat  be  etopped.  and  uniformity  of  (etoperature  be 

throngh  the  whole  wasH.  by  stirring  or  othi'nviw,  Uiu 

t  of  tho  wholo  will  tJiua  be  0*  C. 

imbstADca  thai  pwBos,  like  iev,  by  a  sudden  tnuituUon, 

[tlid  to  the  liijiiid  state,  without  an  intvniicdiaU;  pa»ty 

icro  is  one  definite  temperature  at  which  the  »olid  anil 

funiH  can  uxist  in  contact  under  atmospheric  prcssurcL 

ro  ia  variously  styled  the  temperature  of  ftuioit,  the 

'itt,  and  the  jrtezinif-i>oint 

:Bt  Heat  of  Fusion. — Although  the  solid  and  liquid  forms 
Doe  can  exist  togetlier  at  the  Mine  tcnipcreturv,  the  appli- 
eat  is  retjnisite  for  reducing  tlie  »olid  to  tlie  li(|utd  form. 
0.  be  put  into  a  vessel  and  placed  on  the  fire,  it  will  be 
lelted  by  the  heat  which  it  receives  from  the  fire;  but  at 
nring  tho  operation,  if  we  stop  tho  application  of  heat, 
a  aintanto  iUl  umformibY  ot  l^n.oerat«ra  ia  aatoLlished. 
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uid  the  laUiU  heat  of  vaporisation.  The  fonner  is  oftvD  cailoi  ( 
latent  boat  of  tiu  litjuUt,  and  the  Uttur  of  Ute  vapour.  TbiM  I 
spe&k  oE  the  latent  heat  of  water  (whidt  bccomM  latent  in  f 
melting  of  ice),  and  of  the  latent  h«at  of  at«ain  (wliidi  becomoa  laM 
in  tbe  vaporization  of  water),  t 

The  sam«  amount  of  heat  which  is  absorbed  in  the  oonvetsMOi 
thu  solid  into  the  liquid,  in  givvn  out  whon  the  liiiuiJ  in  ooovwll 
into  tlie  solid;  and  a  aimikr  remark  appliw  to  tJiu  coayt 
vapour  into  liquid. 

850.  Meaiurement  or  Heat  of  Pmlon. — 1"h«  heat  requin"<1 
unit  moi^  of  a  kuIihUwo^  fnnii  thu  solid  to  the  liquid  form  i 
ployed  aa  the  measure  of  the  latent  beat  of  liquefaction  of  that  sd 
xtanoe.  It«  amount  for  several  subetanoee  is  given  in  tbe  last  ocdaq 
of  tbe  following  table: — 


t  ooonn 

onn  BH 


Sabatasoa. 

UflltlDtf'POLDl. 

RpKia 

InUii 
RcOlitSMIa 

•BMta 

laa« 
Liiiuid  sutc 

0* 

-SMO 

1-96(30 

rn-sw 

Pluapliorm, 

44-30 

■3000 

■KlOO 

ft» 

Hulphor, 

111 

-2091) 

tue 

V)N 

Uraulnii^     . 

-7'82 

-0840 

-l<T« 

lO-lH 

11a.    ..     . 

S^2 

-oato 

1W40 

14-SSl 

BiniMtli, 

SOS 

■oaoa 

"Ottt 

13410 

U*d,     .    . 

a-ii 

-0314 

■MM 

B-m 

Uvtvur^f    « 

-as 

■0318 

"OM 

i-m 

Tbe  most  accurate  dct«miination8  of  latent  heat  of  fmioo  iM 
been  mtidc  by  a  ineU)o<l  aimibir  to  the  "method  of  mtxturea''  «UA 
is  employed  in  tbe  detennination  of  specific  heaU. 

Let  i  graminea  of  ice  at  0°  bo  mixed  with  u-  grauinies  of  wabrfl 
t,  and  when  all  the  ice  is  melted  let  the  temperature  of  thv  miA 
be  fl".  Then  if  the  specific  heat  of  water  nt  all  tempcmturw  brt' 
0*  and  C  can  bo  taken  as  unity,  we  linve  wit  —  0)  units  of  butt 
by  tbe  u/  grammes  of  WAt4.-r,  and  »]>ent  {uirtly  in  melting  tbr  iee, 
partly  in  raiding  the  teiupfmture  of  tlic  water  prtxluoed  by  <i 
uielting  from  0'  to  9*.  Huiice  if  x  denote  the  latent  be«t  uf 
faction,  we  have 

whence  we  find 

__■<      •  +  !. 


One  gramme  of  water  at  betweun  70"  and  80°.  or  betwMB  79  aad  I 


twV-«t-iMt^H»~Tii 


.=T»«-#J-(»-T). 


EeM  calculations  w«  Iinve  tacitly  assumed  tliat  no  lieat  in 
br  lout  externally  by  the  substance  undor  examination.  Pi^ac- 
U  is  oeoeesaiy  (aa  in  the  determination  o£  specilic  bests)  to 
Kmnt  of  the  tbcrmal  capacity  of  tbe  calorimeter  (tbat  is  the 
D  vhicb  the  Rub0t4UKe  is  contained)  and  of  the  hvat  puoed 
liy  the  calorinM.-t«r  to  surrounding  bodies.  For  subelaiicca 
ive  a  high  melting-point,  a  different  method  may  W  eiii- 
Th«  l>0(ly  in  tli«  moltvu  ittnte  may  l>o  tnoloiwd  in  a  .imall 
box  and  inuneraed  tit  the  water  of  the  calorimeter.  Lot 
of  the  body,  T  ita  initial  temperature,  T  ita  melting- 
specific  heat  in  the  liquid,  and  e  in  the  solid  staU'.  0  the 
iperatare  of  tbv  calorimuter,  and  x  the  latent  ht^at  uf  tlte 
which  is  roquircil;  then  thi;  hcAt  luit  by  the  body  in 


ilBi 


m/CT-T)i 


MT-fl. 


I  <)uatitt^,  together  witli  the  beat  lost  by  the  eovolope  must 
to  tbe  lieat  gained  by  Uie  oaloriinu-ter  and  it«  original 
,  subject  to  a  correction  for  radiation  whidi  can  be  det«r- 
I  ordinary  methods. 
tike  fcwo  specific  beats  which  enter  this  equation,  a  the 
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heat  of  ftt<iion  is  mud)  gre&U^r  for  ice  than  for  any  of  the  other  i 
atan<:es  mentioned.  It  is  14  times  as  great  as  for  lead,  and  SH  ' 
aa  great  as  for  mercury.  Ice  is,  in  tJiis  senec,  the  most  dlfficall  ts^ 
meltv  and  wittor  the  most  difficult  to  frt-cz*!,  of  all  sabetaDcw;  a  fart 
wbidi  is  of  great  importance  in  the  economy  of  nature,  ■«>  t«iuling 
to  retard  the  processes  both  of  fn^exiiig  and  thawing.  Even  an  it  ia^ 
the  effect*)  of  a  sudden  tliaw  are  often  dihaatroua;  and  yet.  for  erety 
particle  of  ice  melted,  as  much  heat  is  required  aa  would  rabe  tlw 
water  produced  thmugh  70°  C.  or  142'  F. 

S52.  SoIatfOB. — l1io  rfiduction  of  a  body  from  the  solid  to  tho  U<\vii 
.state  may  b<!  effected  by  other  means  than  by  thv  direct  aetioo  J 
heat;  it  may  be  profluced  by  the  action  of  a  li(|uid.    Thia  i»  wlial 
vfccunt  when,  for  inntance,  a  grain  of  salt  or  of  sugar  ia  placed  id 
water;  the  body  is  said  to  bo  disMli-ed  in  the  water.     Solution.  liU  , 
fusion,  is  accotnpanied  by  tbo  disappcaranca  of  beat  consequent  tm 
iho  cbango  from  the  solid   to  thu  liquid  stat«.     For  cxampi*.  Ifj 
rapidly  dissolving  nitrate  of  ouimonta  in  water,  a  fall  of  from  SO*  Hi 
25*  C.  can  be  obtained. 

Unlike  fusion,  it  in  attached  to  no  definite  temperaturi;,  but  incmj 
with  more  or  lesa  freedom  over  a  wide  range.  Rise  of  tempetaMnj 
usually  favours  it;  but  there  are  some  strongly  marked  exeeptMdL 

358.  Freexing-intztarea. — The  alMorption  of  bvat  wliicb 
paniu)  tho  liquefaction  of  solids  is  the  basis  of  Uio  actJon  of  : 
iiiixturu».  In  all  .such  niixturut  thvro  in  at  least  one  aoUd 
whid),  by  tlte  action  of  the  rest,  is  reduced  to  tho  liiiuid  stab!,  dita] 
occasioning  a  fall  of  temperature  proportional  to  tba  labml  hal  Ji 
its  li<)uefaction. 

The  mixture  most  commonly  employed  in  Lhe  laUiratory  ia  i 
snow  and  isalt.    There  is  a  double  absorpUoo  of  heat  caused  by  I 
rimullaniMUH  melting  of  tlie  snow  and  dissolving  itf  the  salt 
feasor  Guthrie  has  found  tliat  the  proportions  of  the  two  ti 
and  their  initJal  temperatures  may  vary  between  wry  trkU 
without  atTecting  the  temperature  obtained.    Thb  daBnIto  i 
ture  11  the  freezing-point  of  &  definite  compound  of  salt  and 
When  ordinary  sea-water  in  a  vessel  is  &ubjcct«d  to  cold,  tha  ii 
formed  is  £reeh;  and  the  brine  increases  in  strength  by  tba  I 
out  of  the  water  till  it  has  attained  the  stmnglh  of  tha  deflidia J 
pound  above- nictitioned.     Tbi>n  a  clinngc  occura,  and  the  ko  fa 
i»  no  longer  fr^flh,  but  of  the  aame  compoeilion  aw  the  brine. 
thu  point  onward  until  all  the  brine  ia  frou.-u  th«  totnpentnfi 
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IquiU  is  — 22*C.,  wliicli  w,  accordingly, the  temperature  obt&ln«d 
hy  tmsittg  Kitow  uid  salu* 

tVEtrcnbeit  int«nd«d  the  t^injierntiiro  of  thU  mixture  to  be  tbe 
aero  of  bia  scale,  the  frcezing-gnjint  of  water  being  92"  uiid  the  boil- 
{sg-point  212*;  Uit  the  thoniiom<;t«nt  wiUi  whidl  lie  wurkod  vrer« 
ttxtraiiMiy  rough,  and  if  we  detino  his  scale  by  tlie  two  ordinary  fixod 
poinla,  the  temperature  —22'  C.  will  not  be  0°  F.,  but  — 7fi'  K 
SM.  Tlu  following  mixturoe  are  abo  sometiroea  employed. 

w^!'*^^  ■■;;;;•    ;|    £««  +  lo- «. -if. 

hl^MBeniae. 9  v 

Nlt«i»  rf  P,rt*.U. 6f     hwn  +  Hrte-U*. 

SulHxhi  uf  8oAh J  J     .i™  -r  i«  H>    .» . 

Vatn, IS/ 

HydmUoric  Adil, 5 1 

Fig.  SS4  KpriMcnto  oil  appamtwi  intended  for  tho  arU6cial  pro- 

I  of  ico.  The  water  to  bo  frozen  is  inclosed  in  a  mould  forme<l 

two  eonorotric  voneb — an  arrnn^tnent  whidt  has  the  advanta^ 


nt  Bt  -rtMdnt  K*Mfc«r. 


giving  a  large  surfsou  of  contact;  and  the  mould  is  inmMiMd  in 

frwaing- mixture  (liydroclilurie  acid  ami  xulpbato  of  sotia)  whid) 

I  fXiotaJned  within  a  ntotol  cylinder  inountod  on  a  cradle,  the  rocking 

which  ifn-atly  awisto  the  Ofwratioo. 

SSA.  Solidifleatlon  or  Congelation. — All  liquid»  are  probably  cap- 

'ihU  at  txTing  Holidified;  tli(iu(;li  9<»me  of  them,  for  oxample,  alcohol 

■Bii  blmtlphide  of  carbon,  bavit  never  yet  been  aeea  in  the  solid  state. 

1 1^  Fkfie^  Sertttr  of  {■('•'Jon,  Jtaatij,  187S,  p.  7S. 


d  until  there  U  none  of  the  li<)iii<i  left  at  a  temperature 

Mit  of  fuHJon.  The  condition  of  a  liquid  cooled  below  tte  frv 
point  )iaa  been  aptly  cuiiipnrod  to  that  of  a  row  of  hricka  set  c 
in  such  a  luaniiur  that  if  tliu  firet  be  ovcrtumod,  it  will  cauM  i 
rest  to  fall,  each  one  overturning  its  successor. 

The  contact  of  iU  own  solid  infalHblj  produces  congclatkn 
liquid  in  this  condition,  and  the  sanio  effect  may  often  be  pn 
t^  the  contact  of  some  other  solid,  especially  of  a  cryst&l,  or  hf  | 
a  alight  jar  to  the  containing  vesseL 

Dospretz  haa  cooled  water  to  -SO*  C.  id  fine  capillary  tubes, 
out  froexin^,  and  Btifour  has  obtained  a  similar  rv»ult  by  auspc 
globulM  of  wnt<T  in  a  liquid  of  tliu  same  itpi'vific  gravity  with 
it  would  not  mix,  thi.i  liquid  being  one  which  had  a  very  low 
iiig-point 

896.  Heat  set  flree  In  Ooii|;eIatloiL — At  tlie  ntoment  wh«n  toi 
tton  takea  plac«,  the  thermometer  immediately  rises  to  the  tan 
tare  of  the  melting-point  This  may  be  easily  shown  liy  «xp«i 
A  ftnioll  glass  ve»»el  u  taki-n, coutatning  watvr.  in  which  a  iMfi 
Chonnomwt«r  is  plungwl.  By  means  of  a  frigoritlc  uiixture  tW 
pcrature  is  easily  lowered  to  -IC  or  -12*.  witliout  tlie  water  I 
ing;  a  slight  shock  Is  tlien  given  to  the  gla&s,  congelation  taki]t| 
and  the  mercury  rises  to  0*. 

The  quantity  of  ioe  that  will  be  formed  when  congebtiaa  M 
in  water  which  has  been  cooled  Iwlow  the  f nectng-poilit,  n 
oomputed — veiy  approximately  at  Icaftt — in  the  followillg ITIJP 


CRTaTALUZATION. 


887 


TImw  tiro  qiuntJtieii  of  heat  miut  be  the  wime,  Bubje«i  to  u  poK- 
•tbl«  oorroetlon  whidi  will  bo  dutctuaoU  in  the  chapter  on  tlivnuo- 
JyoamiM.     Uenoe  we  umy  write 


7»-3SB=l; 


'79-iy 


Wbaiawr  iba  originAl  quantity  of  wmtor  niity  be,  this  value  of  te  ex- 
UMin  the  fraction  of  it  M'hicI)  will  Im  converted  into  ic«. 

a07.  OTjrftallixation.— Wlun  ilie  passage  froin  the  liquid  to  the 
solid  state  is  a  gradual  one,  it  frequently  hap|>ena  that  the  molecules 
groap  themselves  in  such  a  manner  as  to  present  regular  geometric 
fonas.  Thta  procoss  is  callt-d  cr}-stalUzattun.  and  thu  regular  bodies 
thus  fonn«d  are  called  cryetala.  The  particular  crj'stalline  form 
— ninii'l  depends  upon  tlic  Kulntann;,  and  oftvn  afTunls  a  means  of 
neogtdsang  it.  The  fonus,  therefore,  in  which  Imdie-s  crystallize 
are  tmot^  their  roost  iroportant  characteristics,  and  are  to  some 
axiant  analogoos  to  the  shapes  of  animals  and  plants  in  the  organic 

B  In  ontin-  to  make  a  body  crystallize  in  solidifying,  the  following 
Bnetbod  is  employed.  Suppose  the  given  body  to  l>e  bismuth;  the 
^Ibst  vtep  ill  to  melt  it,  and  then  leave  it  to  it«eU  for  a  time.  The 
■wtel  Ijr^'ins  to  solidify  first  at  the  surface  and  at  the  ddes,  where  it 
b  most  directly  exposed  to  cooling  infiui-nccii  fmm  without;  occord- 
ti^y,  when  the  out«r  layer  of  the  metal  is  soliditicd,  tJie  interior  is- 
rtill  in  the  liquid  ntate.  If  tito  upper  crust  be  now  removed,  and  the 
I  liquid  btaniutJi  i>oun-d  off.  the  aides  of  the  vessel  will  be  aeon  to  be 
t  Mwtmd  with  a  number  of  beautiful  crvNtaU. 

U  the  metal  were  allowed  to  stand  too  long,  the  entire  mass  would 
baeome  stdid,  the  diflerent  crystals  would  unito,  and  no  regularity  uf 
•toictun"  would  be  ob»er\aMe. 

U6.  Flowers  of  Ice. — The  tendency  of  ioe  to  assume  a  crystallme 

(■nn  i*  seen  in  the  fern-leaf  patterns  which  appear  on  the  windows 

«  winliT.  caused  by  the  oongMling  of  moisture  on  them,  and  still 

iDcrn  ibdtinctly  in  the  (^iniDvtrical  forms  uf  snuw-flake«  (sc-v  Chap. 

icxiitr.}.     In  a  block  of  iov,  however,  this  o^'Ktallino  structure  do«s 

,  M  ihow  it«elf,  owiug  to  the  oloMnrs*  with  which  the  crystals  lit 

iBtocach  other.so  tlioi  a  suss  of  this  sulmtAnce  iip[)varx  almmt  oom- 

plttcly  nmorpktniM.     Tyndall,  however,  tn  a  very  interesting  experi- 

,  BiBt,  has  moceeded  in  gradually  decrj/staUizinn  ia-,  if  we  may  use 

IAlfZpn8iion,and  thus  exhibiting  the  crystalline  dements  of  which 

it  ii  oompoMd.    Tlie  experiment  consists  in  causing  a  pencil  of  solar 
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rif.  llt.~noW(m  of  In  plDlecM  CD  * 

mya  to  full  [lurpeudiculai-  tu  tbo  Durfocw  of  cun^Oktiuii  oo  »  sboat  d 

icu,  Kuch  w  it  ai 
till  Lllyfunnedii^ 
'  ji  :iiti  siirflMa  ■ 
u'utcr  in  wiata 
A  IfHfl  pUoad  bi 

225)»crTni(oprB 

JDCtapOOB 

thvinugat/wlMI 
U  found  in  tliaii* 
tenor  of  Uidblodt 
Th*  aOCCMM  wip- 

|>canu)oe6  ob«r*- 
(h)  ii|Kintb(^*aHB 
lire  shown  in  FV 
£20.     A  uuil  b 
iiiinoua    ciidt  * 
Hint     bcco.    bo 

tiM  jwUb  4* 
a<)W«r  wboM|«<'' 
b  Uio  cird*  F"" 
quvnt  clia>D]{ttW 
occur  uttbtiN* 
of  ilui  \maim 
tliom«'1t-««.«yA 

&l«  olttUl  cut  MM 
FUi.  tW -risnn  o<  tc*  t»  »B«inUe   tB» 
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like  tboM  MCD  npon  t1i«  window-t  during  frost.     In  this 
iit,tiie  Milar  heat,  instoad  of  uniformly  melting  the  vublbs  of 
wliich  it  would  oertamly  do  if  the  mass  were  atnorpliouji,  accti 
wvuly  upon  tlie  different  crj'sUils  of  which  it  is  built  uj),  affect- 
\big  Uiein  ill  Lh«  rcvcnM;  ordi-r  of  t}ti-ir  formation.     Tlicru  are  thus 
produced  a  nnmber  of  spaces  of  rt^lar  sluipe,  containing  water, 
pradoeing  oomparatively  dark  images  upon  the  screen.     In  the 
■ntn  of  eaeb  there  is  generally  a  bright  spot,  which  corresponds 
I  ao  nmpty  space,  depending  on  the  fact  that  the  water  occupies  a 

ller  volume  than  the  ico  from  which  it  Itas  bcun  produced. 
IMfO.  SajMnatsratlon. — The  prui>orti(>n  of  nulid  mutt^-r  which  a 
liquid  can  hold  in  solution  varies  ncooniiag  to  the  teuipemturu;  and 
M  a  gonenl  nilo,  tliough  not  by  any  means  in  all  casei,  it  increases 
M  Uw  tempftrature  rises.     Hence  it  follows,  that  if  a  saturated  solu- 
tion be  left  to  itttelf,  the  effect  of  evaporation  (ur  cooling  will  be 
gndoallj  to  diminiiili  the  quantity  of  matter  which  can  be  held  in 
•oiution.    A  portion  of  the  diasolved  substance  will  aoconlingly  pass 
int4i  the  scdid  state,  aamniing  generally  a  co'^talline  form.    This  if 
an  axooadingly  com- 
mon method  of  ob- 
lataiog  oystaU,  and 
B  kiMwn  as  the  Au- 
ntU  way. 

la  eonnecUon  with 
ftk  prooesa  a  pht^no- 
wnoo  ocean  which 
»  ptedsely  analogous 
le  tlw  cooling  of  a 
I^Bid  below  ibi  froes- 
iBg-peinL  It  niay  be 
tttmplifled  by  the 
Wowing  experiment 
K  tube  dnwn  out 
ttan«end{Fig.  2S7) 
^tOed  with  a  wann 
MMntrated  solution 
rf  mlphate  of  su<la 
TL)  tolulion  is  boiled, 

Md  while  eboUitum  b  proceeding  freely,  the  tube  is  benuotically 
iialad;  Inr  ibis  means  tliu  tube  is  exliaasted  of  air.   The  solution  when 
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left  to  iteelf  cools  without  Uio  solid  Wing  (>rpripitat«d,  although  tbe 
liquid  is  auperaaturated.  But  if  ihv  end  of  tlic  tuW  he  ltruk«n  off, 
ftnd  the  nir  nllovrcd  to  enter,  crytttolliatRtion  irnii)iMli*t«ly  oomineoe« 
lit  the  .lurfare.  and  ia  quickly  propan'ate<I  through  the  wlioI«  letogth 
of  the  tube;  at  tlie  same  time,  bs  w«  should  expect,  6  ooiuid»niU* 
rise  of  temperature  is  obscT\-vd.  If  the  phenomenon  does  not  *t  oan 
oocur  on  the  admiiwion  of  the  air,  it  can  be  [Hodoced  with  certainty 
by  throwing  a  small  pieco  of  the  solid  sulphate  into  the  solutiorL 

S60.  Chtuiffe  of  Volume  at  the  Uoment  of  CoD^elation.  Expuuin 
Force  of  Ice. — In  pasHin*;  frnni  the  liquid  to  the  Holid  statc:  lioilitn 
gcncmlly  undergo  a  diminutJuu  of  volume;  there  Arc,  Iiowei'cr. 
exeeptiom,  audi  an  ice,  ht»niuth,  and  cant-iron.  It  is  thi>i  propnty 
which  ren<lcrt  this  latter  suhxtance  so  well  adapted  for  tho  parpuwi 
of  moulding,  as  it  enables  the  metal  to  penetrate  completely  into 


every  part  of  tho  mould.    The  expansion  of  ico  1b  coosidenUt. 
ftutuunting  to  about  i>i;  itj<i  production  u  kttcoded  by  flnomioak 


Hj.  tt>  "  ftiltrlincut  i4  UilJ 


niccluinical  force,  just  as  in  the  analogoa<i  case  of  expuuioQ  by  I 
Its  «floct  in  iMinting  water-pipM  is  well  known.     The  follov 
ttX|>rrimcnt  illutttratw)  this  expansive  force.   A  tnbo  of  forpal 
(Fig.  S£8)  ia  f]lle<l  with  watvr,  and  tightly  closed  by  a  acnw- 
The  tulw  iii  tlien  Htirrounded  with  a  freezing-mixture  of  mow  iM 
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^kIL     After  eoiD«  timu  tlio  water  congeals,  a  loud  report  is  often 

hoard,  and  the  tulx;  t»  found  U>  be  reiiu 

b    Tho  folluwing  BXpertiaeot,  perfonii«d  liy  Major  WilUamsnt  Quebec, 

Kb  atiU  moTQ  striking.  He  tilled  a  12-)nch  »1ieU  u-ith  water  and  dosed 

Kit  wilb  a  wooden  stopper,  driven  in  with  a  nmllet.     The  shell  was 

than  axponed  to  the  air,  the  temperature  being  —29°  C.  (  — lU'  F.), 

kTIm  water  bo-M,  and  Uiu  bting  was  projected  to  a  distance  of  more 

Viban  100  yanln,  w)iilu  n  cjilindiT  of  ic«  of  about  H  im-hoo  in  len^^ih 

«rwt  pmtnidwl  from  Ihu  hole.    In  anotLcr  expL-rinivnt  thv  shell  split 

in  halves,  and  »  sbavt  of  ico  inued  trom  th«  rent  (Fig.  229). 

U  b  the  expatiaioa  and  coDsequent  lightness  of  ice  which  enables 
ft  lo  float  upon  the  surface  of  water,  and  thus  afibrd  a  protection  to 
atumal  life  below. 

S61.  Bffsct  of  Preuure  on  the  Ueltiag-point. — Prof«wor  Jnmes 

Thomson  was  led  by  thi:oruUcal  considerations  to  tho  eoucluston  that, 

in  thft  case  of  a  sulntAiioo  which,  liko  wnu-r,  expands  in  solidifying, 

Um  bracing  (or  mvUin^;)  point  must  of  uecc^ty  bo  lowered  by  pres- 

*urr,  and  that  a  mixture  of  ieo  and  ioc-cold  water  would  fall  In 

Uapenture  on  the  applic^ation  of  pressure.  Ht«i  reasoning'  coiiHtxtod 

iakhowing  that  it  would  otlierwise  be  poestble  (theoretically  at  Ii4tnt) 

to  caostruct  a  machino  which  sltould  bo  a  pcrpotual  source  of  work 

without  supply ;  that  i»,  what  is  coininonly  called  a  pcrp^^'tuot  motion. 

Ilw  matter  woa  aliortly  aftvrwnfiLi  jmt  to  the  test  of  oxpcriini.'nt 

ky  Pmfenor  (now  Sir)  W,  Thomson,  who  oomprened,  in  an  (Emted's 

ftfwMoiueter.a  mixture  of  ice  and  water,  in  which  was  inimrted  a  vci^- 

"^lioite  ihermomoter  protected  from  pressure  in  the  same  uinntier 

J*  *Jie  instrumont  lepresented  in  Fig.  195  (§  287).    The  tJiennonteter 

'^^fcTred  a  regular  fall  of  tciDperaturo  as  prrasure  vras  applied,  followed 

'^'    «  return  to  0'  C  on  removing  tho  pressure    I^cssurea  of  81  and 

^'"fc  atmo^ierea  (In  cxce«  of  atmospheric  pressure)  lowered  the 

*^  ■  iillHi  [iiiiiil  by  '106  Olid  232  of  a  degrvo  Fahr.  respoctivoly  as  in- 

^^^•ted  hj  the  thennom<-!ter.  re^ulta  whidi  agree  almost  exactly  with 

^*^&f,  J.  Tbomaon's  prediction  of  ■0076  of  a  degree  Cent.,  or  OIS'j  of 

^  ^•ffree  Fohr.  per  atmosphere. 

MootBon  haa  since  succeeded  in  reducing  the  melting-point  several 
:  ^^VnMB  hy  means  of  enormous  pressure.  He  employed  two  forms  of 
I  M'|i«ntas,  )iy  the  flmt  of  which  he  melted  ice  at  tho  temperature 
^^i'  -A*  Caud  kept  the  wat«r  thus  produced  for  a  comiiderable  time 
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at  tliis  temperature.    ThU  appar&tuii  hail  wintluwe  (ccntu&atiog  of 
blocks  of  gla^)  in  iU  sidvs.  tliruu^))  wliioli  ttiu  molting  of  the  ief 
wus  suen.     HU  hfcimd  forui  of  apimroiu»,  wliich  liorv 
a  giMKTiiJ  rbtenililancti  to  the  flrMt,  U  rcrpre«oot«<)  in  tbr 
annexed  figure.     It  conAi>tt«d  of  a  fttoel  prism  with  ■ 
cyliudrical  bore,  having  one  of  its  extremitios  doa«i 
by  a  conical  KtupjKT  strongly  acrawed  in,  the  rest  at 
'  lKJ  1       tbi;  boro  buiiig  travi,^rsud  by  a  Ecrew-piston  of  stetl. 
— I J  ^      Tlic  npparatus  v/as  inv<;rt«<],  and  oi^rly  Bll«d  wiih 
vrnti.tr  i-i;c<iiitly  boiled,  into  which  •  pioco  of  ooppor  wa» 
dropi>od,  to  serve  as  an  index.     The  a^panutua,  aUll 
remaining  in  the  inverted  position,  was  surrounded  li; 
a  fi-eezing-mixturo,  by  meuu  of  n-hid)  thfl  water  was  reduced  to  ie» 
at  the  temperature  of  —18'  CL    Th«  stopper  was  then  serawed  ioU 
itii  plaeo,  and  thv  apparatus  placed  in  tho  erect  poMtion.    The  pbtos 
vtna  tlK-n  screwed  down  upon  the  ice  with  great  force,  tho  fu'oamrt 
vx«rted  being  estimated  in  some  of  the  experiments  at  several  thoa- 
aaiid  atmospheres.    The  pressure  was  then  relaxed,  and,  on  xvBuniag 
the  stopper,  the  copper  index  was  found  to  have  fallen  to  th«  bottoa 
of  the  bore,  showing  that  the  ice  had  been  liquefied. 

Experimunts  conducted  by  Bunsun  and  Hopkins  have  ahowu  tint 
wax,  epermacvti.  sulphur,  Btoorin,  and  paraffin — eubstancea  whkk. 
unlike  ice,  expand  in  melting — have  tliutr  melting  points  raimd  bj 
pretturc,  a  rcttult  which  had  been  predicted  by  PrafcMor  V. 
I^omaon. 

36S.  Efitet  Df  8tnM  in  general  npon  Melting  and  SolnUoa. — b 
the  experiments  above  described,  the  pressure  applied  wm  hyir^ 
statical,  and  was  Uicrcfore  equal  in  all  du-ecUons.    But  a  solid  ii  bI 
be  exiKwed  to  pres.iure  in  one  dinn^tion  only,  or  to  pull  in  o«h>  cr 
directions,  or  it  may  be  subjected  to  shearing,  twiitting,  or 
forces,  all  these  being  included  under  the  general  name  of  Mnm. 
Itca&uning,  based  on  the  general  laws  of  energy,  leads  to  tbt 
elusion  tluit  stress  of  any  kind  other  than  hydrostatic,  applied 
solid,  must  lower  its  melting-point.    To  quote  Professor  J. 
{Proc.  Roy.  Soe.  Dec  ISCI)," Any  .ttre«c8  wimtevor, tending  lodtssV" 
the  form  of  a  piece  of  ice  in  ice-oold  water,  inuttt  imfiart  to  tba  ie»i 
tendency  to  melt  away,  and  to  give  oat  ita  cold,  whidt  will  ti-nd  A) 
geoerate,  from  the  sorrouDding  water,  an  equivalent  quantity  of  ki 
free  from  the  applied  streases,"  and  "stresses  tending  to  change  IW 
form  of  any  crystals  in  the  saturated  solutions  from  which  they  i»H 
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erjst&Ilized  tnast  give  tlioni  a  tondoocy  to  dissolve  awny,  aod 
genemte,  in  subotitution  for  tliemsolvee,  other  oystals  fre«  from 
the  ftpplied  atreescs  or  any  efjnivalent  streescs.*^  This  condusion  he 
verified  by  experiments  on  crystal  of  common  wilt.  He  at  tbe  aome 
ttme  suggested,  as  an  important  subject  for  invevitigttlion,  tlic  effect 
hydrostatic  prceeure  on  tlie  cipstalliKation  of  solutions,  a  subject 
which  vtuf  afti-rwardii  taken  iiji  i-xpuri mentally  by  Sorby,  vlio  ob- 
tained etk-cU  analogous  to  those  above  iutltcated  as  occurring  in  con- 
nMtiao  irith  the  melting  of  ire  an<l  wax. 

863.  Bottomley's  Experiment. — Sir.  J.  T.  Bottotnley  has  devised  an 

inslructive  expcrinii:nt  on  tlie  effect  of  applying  stress  to  ice.     A 

block  of  ice  is  placed  on  two  supports  with  a  little  spaee  between 

t^m.anii  a  stout  copper  wire  with  heavy  weights  at  its  two  ends  is 

along  acTuM  iL    Tliu  wire  gradually  makes  its  way  tlirough  the 

block— occupying,  pcrliapit,  an  hour  or  two  in  its  passage — and  at 

iMt  drops  upon  the  floor;  but  the  block  is  not  cut  in  two;  the  cut 

whidi  the  wire  makes  ia  tilled  up  by  the  formation  of  fR-.sh  ice  as 

fa»t  at  tlie  wire  advances.     The  pressure  of  the  wire  lowers  the 

BMlUng-point  of  tlie  ice  in  front,  and  causes  it  to  meU  at  this  lowered 

■wlting-|>oi[it   The  wire  itself  acquires,  by  contact  with  tJie  melting 

ie^  k  ttnniH-rnturu  below  xcro,  and  the  escaping  water  freezes  at  tbe 

lack  of  tli4>  wire. 

>64.  Begelatlott  of  Ice, — Faraday  in  1850  called  atteotioD  to  the 

bet  that  piiri-a  of  luoiitt  ic«  placed  in  contact  with  one  another  will 

6v«)tc  together  even  in  a  warm  atmosphere.    This  phenomenon,  to 

vJiidi  Tyndall  has  given  the  name  of  reflation,  admits  of  ready 

ncpbnaUon  by  tlio  principh-s  just  enunciated.     Capillaty  action  at 

bfiuudarie«  of  the  tilm  uf  wHt«r  which  connects  the  pieces  placed 

oiBta^H.  pTwluGta  an  clfect  equivalent  to  attmction  between  them, 

as  two  pUtea  of  clean  glasa  with  a  film  of  wat«r  between  then 

to  a<lh«!rw.     Ice  being  wetted  by  water,  the  boundary'  of  the 

ng  illm  is  onnrave,  and  this  concavity  implies  s  diminution 

'•■  IMttnurc  in  the  interior,     Tlio  film,  therefore,  exerts  upon  the  Jew 

*  prmure  Ins  than  atmuspheric;  and  as  the  remot«  sides  of  the 

'  ftift^iw  Tbcmon  drava  Ihia*  lBf«naoa  ttom  llio  tollowtiig  plnclplci  ■r^loh  apprkn 
"Wilkj— HMiy  MiUlMMt  or  ijitiriu  o(  kiUUbc-u  be  In  >  aoudhiiin  iawkioli  it  i*  (m 
^4ab|«  n*  ttaU  [w  Uw,  (or  «uBi|>Ie.  in  orailMt  witli  vMcr  «t  0*  C  li  ttt»  lo  mclLl  tmA 
t  M^aBlokl  loniH  ha  ippHed  to  It  In  luoli  k  vmy  llial  tb*  ««siinvncc  d(  Uw  ekuig«  o( 
**  vdl  nufca  ll  Um  lb*  pMaMlkl  mcin'  <'<"  *^  <!>■"  fonM*  nUliout  rvmiving  Mim 
ptial\ti  tmna  a*  an  k|u1«kI«ii(|  th«n  Uw  lulHlMiMMijrtteiu  «ai  yum  iuhi  IliechMiscd 
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blocks  are  oxpoHctl  to  fLtmOGplivric  prwisuro,  th«ro  is  a  rcsiiltiuit  force 
urging  thcin  togvUicr  und  pixMluciiig  strtwH  aL  Utv  Hiiiall  HUrfacQ  of 
oont«<:t.  Melting  of  thu  ice  Ui«r«foro  occuni  at  the  places  of  contact, 
and  the  cold  thus  evolved  freeKes  the  adjacent  portJuiu  of  U»e  nia 
film,  which,  being  at  le«a  than  atnioitphoric  pressure,  will  begin  to 
frceEe  at  a  temperature  a  little  above  the  ordinary  freezing-poiiit.. 

As  regards  the  amount  of  the  force  urging  the  pieoee  togetlier,  if 
two  flat  pifCtis  of  ice  be  supported  wttli  their  faces  vertic*!,  and  if 
Uicy  be  united  by  a  film  from  whuM  lower  c<dge  wat«r  trickles  away, 
the  hydrostatic  pressure  at  any  point  within  tbia  film  in  Icna  thaa 
atiiiospheric  by  an  amount  represented,  in  weight  of  wat«r,  by  tha 
height  of  this  point  above  the  part  from  which  water  tricklea.  If 
for  simplicity,  we  suppose  the  film  circular,  the  pUtea  will  be 
together  with  a  force  equal  to  tliu  weight  of  a  cj'Under  of 
whoeo  base  18  the  film  and  wliosv  height  is  the  radius. 

366.  Apparent  Plastioity  of  Ice.  Motion  of  Olaoiers. — A  glamr 
may  bo  di.^criU.-ii  in  gcui-ral  t<-niis  as  a  mass  of  ice  dt-riving  iu 
origin  from  mountain  bdows,  and  cxt«»ding  from  th«  snow-fieUi 
along  channt'lj)  in  the  mountain  »idc«  to  the  valloyn  boiu'-Alli. 

The  first  accurate  observations  on  the  movements  of  glocJvn  wot 
made  in  1842,  by  the  late  Profeestn*  (afterwards  Principal)  J.  Ik 
Forbes,  who  established  the  foc-t  that  glaciers  descend  along  titar 
beds  with  a  motion  rencmbling  tlmt  of  a  pailful  of  mortar  pounJ 
into  a  sloping  trough;  tlie  surface  moving  faster  tlian  th«  boit<» 
and  tlio  centre  faster  ttuui  the  side.^.     Ue  sunimed  up  hb  vii-w  hj 
.Haying,  "A  glacier  is  an  imperfect  fluid,  or  a  viscous  body  whicfa  \k 
urged  down  elopes  of  a  certain  inclination  by  the  mutual  ptesnire  ari 
its  parts." 

This  apparent  viscosity  is  explained  by  Iho  prineiplon  of  § 
According  to  thcoe  principles  the  ice  should  melt  away  at  the 
where  stress  i^  most  severe,  an  equivalent  quantity  of   ice  IwL. 
fonnAl  elsewhere.    The  ioe  would  thus  gradually  >'ield  to  tba 
plied  foroe8,and  might  be  moidded  into  now  forms,  without  undi 
rupture.     Breaches  of  continuity  might  bo  proluced  in  ptaeea  wbc^ 
the  strew  consisted  mainly  of  a  pnll,  for  the  pull  would  \tm<a  tJt 
treesing-pcHnt,  and  thus  indirectly  lu  well  as  directly  tend  to  pvodoc* 
ruptures,  in  tlto  form  of  fis.sur«s  transverse  to  the  direction  of  not 
int«n»e  pull.    The  effect  of  compression  in  any  dirrctlon  wouM.  m 
the  other  band,  be,  not  to  crack  the  ice,  but  to  mdt  a  portton  of  h 
interior  Eufhcient  to  relieve  the  pressure  in  the  particular  part  aiSKtcd, 
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tiBiufw  Ute  ex«en  of  in«t«ml  to  Dci^hljuurLng  puis,  which 
their  torn  give  w&y  in  the  same  gradual  tnAnner. 

Id  ononection  with  this  cxplauation  it  ia  to  be  observed  that  th« 
twnjiiiintiiii  of  a  <;litcior  i»  alwaj-s  about  0'  C and  that  its  structure 
M  ominentlj  poruun  and  poriDoatiHl  with  ice-cold  water.  I'be.ie  are 
eoodiUoos  amiovntly  favourab]«  (tb«  fonuor,  but  not  the  latter,  being 
■■mil  ill)  to  the  firtxluction  of  chauRit;  of  form  depending  oa  the 
loweriog  of  tlio  multing-|>oint  by  xtrussot. 

Tbii  oxplanatioo  k  due  to  rrofissor  J.  Tlioniiton'  (UrituJt  Asscm- 
tuyn  RrpoH,  1857).  Prorrawnr  Tyndall  had  previously  atteinptwl  to 
account  for  the  phenomena  of  glacier  motion  by  supposing  that  the 
iee  is  fractured  by  the  forces  to  which  it  is  subjected,  and  that  the 
broken  pieces,  after  being  pushed  into  their  new  positioiu,  are  united 
by  rtgelatioo.  In  sujiiwrt  of  this  view  ho  perfomied  several  very 
interMtiDg  and  novel  experiments  on  tlio  niuuldiii;;  ot  iee  by  pre»< 


medals  of  ice  with  a  die,  and  producing  a  clear 
''^^luparvnt  cake  of  ioe  by  powerfully  compressing  broken  pieces  in 
I*  boxwood  mould  (Fig.  231). 

^P  latereating  f!C]>erit)ieuUon  the  plasticity  of  ioe  may  be  performed 
^Py  filling  on  iron  nhull  with  water  and  placing  it  in  a  freozing^nux- 
^*»*,  leaving  the  ajwrture  open.  As  tJio  water  freciet*,  a  cylinder 
^*)(  lea  will  be  gradually  proinidod.    ThU  expcruncnt  is  due  to  Mr. 

'  It  b  AmU  U  ohjwuJ  Uwt  th*  loowjag  o(  Um  ni«lUiig'|MJiit  by  ■Una  b  too  \Biigtti- 

*■«  M  indim  Um  nM  «a*cU  b*n  MUltnUd  Ui  U,  tb«  uiiiriir  i>  Uwl,  whan  io«  uid 

<Vir  <n  inurt  totratKer,  tb«  lUgblMt  dtflaroM*  b  niffiokait  taAttatmloM  vhlcli  portiuD 

4  th  wauir  (kail  (noM,  or  which  psrllon  of  Uw  ioe  A*U  m«lt.     In  default  ol  •  mora 

Mnmt  porttMU  ot  is*  sfaicli  m«  Rurt  vtrMMil  will  iiwll  &nL 
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Trvtsfonnation  into  the  State  of  Vapour. — The  majority  of 

L  wheD  Icii   to  tliuDuuilvcs  in  contact  with  th»  uttitusplicm, 

my  pam  into  tlto  ntato  of  vapour  and  disappuLr.     TbU  pliu&o* 

Deeon  mudi  wore  rapiiUy  with  .Home  liquids  tli&n  with  otliers, 

IBM  which  ovaporate  xami  readilr  are  naid  to  he  the  roost 

k    Thus,  if  a  drop  of  ether  be  let  fall  upon  any  tJubstanoe,  it 

■an  aliDOSt   instantaneously;   alcohol   also  evaporatee  veiy 

',  bat  water  re^juirus  a  niuo}i  lunger  time  for  a  einular  tran»- 

on.    Th«  change  i«  in  all  caH«8  acoe1«rot<^  hy  an  incruaiio  of 

tnre;  in  fa«t,  when  we  dry  a  body  beforo  tho  tire,  w«  ato 

tailing  oumelves  of  this  pro])erty  of  heat  to  hnstco  th« 

ion  of  the  iiioi§tur«  of  the  body.     Evaporation  may  also 

boui  fiolids.    TIius  camphor,  iodint,  and  several  other 

poM  dirt-ctly  from  the  solid  to  tho  gaseous  otato,  and  we 

hereafter  tliat  tlio  vapour  of  ice  can  be  detected  at  tem- 

far  below  tho  &Mxitij;-point. 

unlike  ft»ion,  occure  over  a  very  wide  range  of  tcm- 
Tbere  appeals,  however,  to  be  a  temperature   for  each 
r,  below  which  evaporation,  if  it  exist  at  all,  is  insensible  to 
.»«,    TKU  ;.  *i.,  ^^  »i«i.  ^. ,  at  0°  a  and  witli. 


exlio^^^^Kir  by  esUtblisliuig  eommuni 
an  aii^pidn^^^e  niercurj*  riaea  in  tho  lefl 
and  CbUb  in  the  rigliUhand  brancli  of  the  inanoiiie't«r ;  tlie  Gn 
feience  of  level  in  the  two  braDches  dificring  irom  the  height 
barometer  only  by  the  vtsry  aaail  quantity  represeatiqg  the  pt 
of  the  ur  left  beliiod  bj  the  machine.  Tho  itop^ock  B  ii 
cloHcd,  and  a  second  stop-cock  K'  surmounted  by  a  funnel  U 
above  it.  The  hole  in  this  second  Aiop-«ock,  instead  of  going 
fehrongh  the  metal,  extends  only  half-n'ay,  so  bb  merely  to  ( 
cavity.  This  cavity  serves  to  introduce  a  liquid  into  the 
without  any  communication  tAking  plac«  between  the  globe  ai 
uxU^mal  air.  For  thi«  purpose  vru  have  only  to  fill  the  foaod 
a  liquid,  to  open  the  cock  R,  and  to  turn  tliat  at  R'  backward 
forwards  several  times.  It  will  be  found  Oiat  after  the  Introdi 
of  a  small  quantity  of  liquid  into  the  globe,  the  mercurial  « 
begins  to  descend  in  the  left  branch  of  the  manometer.  Ihi 
dicating  an  increase  of  elastic  force.  This  clufttic  forcw  goil< 
creasing  as  a  greater  quantity  of  liquid  a  introduced  into  thf| 
and  as  no  liquid  is  visible  in  the  glulio,  we  must  infer  chat  it  V 
rates  t»  fast  as  it  is  introduced,  and  that  the  fall  of  the  mm 
column  is  eaused  by  the  elastic  force  of  the  vapour  tbua  fotMi 
This  increase  of  pressure,  however,  doea  not  go  on  iakflh 
After  a  time  tho  difTorence  of  level  in  the  two  branches  of  Um  i 
mater  ceases  to  increase,  and  a  little  of  the  unevaporatod  Bqiud 
he  aaen  in  the  globe,  which  inoroasat  in  quantity  aa  moTB 
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From  ibis  important  experiment  we  conclude  Uiat  there 
to  tlie  ()iiiintity  of  vapour  which  can  be  formed  at  &  given 
nturo  In  ui  vmpty  sp<irv.  ^^Ik-u  this  limit  is  reached,  the 
b  nfd  to  be  taturattd,  and  the  vapour  tlicn  conUined  in  it  ia 
rtmum  pnMufw.  and  at  maatimum  dennity.    It  evidently  fol- 


Af9anlMlsT*Md]iBKuiii*iuiii«MiHW  >*p(>n 


thin  tilut  if  a  <|iuuitity  of  vapour  at  los»  ttuin  its  uiaxirouiu 

be  incloiwci  in  a  ^ven  space.atid  Hvn  comprossed  at  cunfitatit 

Itore.  ltd  preHHunt  and  density  will  increoAe  at  flrot,  but  tliat 

Unw  ■  point  will  be  reached  when  further  oonipreesion,  in- 

t  ituTvnein^  tb«  density  and  pressure  of  the  vapour,  will  only 

of  it  to  pass  into  the  liquid  state.     This  lost  result  may 

varified  hy  the  following  exj)enment   A  barotaetric  lube 


ouy  Venn 
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€tb  ^ig.  S33)  is  filled  witli  mercury,  with  the 
space,  into  which  ft  few  dropa  of  ether  are  iiitro<Iuc«<I, 
lirat  been  taken  to  expel  any  bubbles  of  air  which  may  have  ren 

adhoriu^  to  th«  nwrcuiy.  Thfl  ti 
then  inverted  in  the  deep  bowl  KN^ 
the  cthor  ftsocnda  to  th«  irarfaea  « 
mercury,  is  there  converted  into  vi 
anil  produced  a  sensible  depr«aioa  i 
mercurial  column.  If  the  quanti 
etlier  be  sufficiently  small,  and  if  Uii 
be  kept  sufficiently  high,  no  lit^uid  « 
perceived  In  tlm  space  above  tho  ma 
(his  space,  in  fact,  is  not  saturated. 
^  prefiaure  of  the  vapour  which  ocet^ 

"nlH  ^  given  by  tlic  tUtference  betwea 

j^^L  height  of  the  oolumn  in  the  tubv  mm 

J  batoDtctor  placed  beside  it.    If  llui 

be  gradually  lowered,  this  diffi-rvnci 
ai  flnfe  bo  ecen  to  iDcrcaso,  tliat  » 
]in-sHure  of  the  vapour  of  ethar  itien 
'Xi  but  if  we  continue  the  prooen,  a  po 

of  liquid  ether  liill  be  obacrvcd  to  a: 
above  the  inorcury,  and  aftrr  tk»,  Ji 
lower  the  tube  any  further,  tlto 
the  mercury  in  it  rem&inH  invarial 
only  I'lfect  is  to  increase  tba  qt 
Ii<}iiid  deiw-titiHl  from  tb<<  vaptv 

369.  Inllnenee  of  ToBperatan  la  I 
mum  DeitBJty  and  Prewtura. — Rmu 
now  to  the  npjuustuH  niprcwnnUvl  is 
2>12,  suppose  tliat  some  of  tbf  Unni 
mains  uncvap<»Bted  in  thv  botloall 
globe,  and  let  tbe  globe  be  subjected  to  an  increase  of  tmifvnl 
An  iucresB«  of  elastic  force  will  at  once  be  indicali<d  by  tW  w 
meter,  whilo  tho  quantity  of  liquid  will  be  diiuinishod.  Tb«  ■ 
mum  prcHure  of  a  vapour,  therefore,  and  aLto'itH  maxituan  da 
incroiM-  witli  the  h^iperature;  and  consequently,  in  order  toaM 

■  StricU;  ifiMkinff.  then  «ill  be  ■  iligU  i.ddiUonal  dtfnaion  of  Um  mmmmJ 
4iw  t>  Iha  vd«fat  et  th«  lliiaiil  tbiu  dtpoalud  oi  lla  MBmH;  but  (Ui  ^MoA  «■  fJ 
b*  VN7  NB*UL  wvrli^  t«  U*  atkUoca  ol  Um  ijaaalStj  ot  liifald.  ,> 
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^  givva  wptet.  •  quantity  of  vnptiur  is  required  which  inercMcs  with 
tomporatuTn. 

TafKiur  which  is  At  Iras  than  the  maximum  density  ih  railed  avj)w 
Keitttd  vapour;  because  it  can  be  obtainn^l  by  giving  hrat  to  vapoiir 
al  niaxumnn  den&ity  at  a  lower  temperature 

Pit*.  S$4  is  a  (graphical  representation  of  the  rate  at  which  thv 
BMxinnm dmsity  of  aqiieoua  vapour  inrrofuiM  with  the  teniixrntttrf 
bom  —SO*  to  +85"  C  Ijcngth.s  are  laid  off  on  the  base-line  AB,  to 
npiVMCDt  t«mp<Tatur«i«,  and  ordinotw  are  onwtcd  at  evcrj-  liftli  de- 


^=^=^ 
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«.  proportional  to  the  masses  of  vapour  required  to  saturate  the 

I  tiMoe  at  diirfn5nt  temp«;ratunis.   Thu  curvu  CD,  drawn  through 

itnutiUe)!  of  th<-ec  ordinates,  is  thv  cnne  of  vapoui^donsity  an 

o[  trmpomture.     The  figtir<«  on  the  right  liand  indiratn 

nbvr  of  (;Tiuitmr.4  of  vapotir  ri^uiivd  to  saturate  a  etibic  metre. 

iflO.  Mixtare  of  Oas  and  Vapour.     Daltos's  Laws. — The  experi- 

I  witli  the  ajipAratua  of  Fig.  232  may  be  repeated  after  tilling; 

^ohtr  with  dry  air,  or  any  other  dry  gas.  and  the  rceults  finally 

will  be  the  same  as  with  the  (^xllaustvd  globe.   If.as  before, 

iatrodaoo  sucoetniTe  small  quautitios  of  a  liquid,  it  will  be  eon- 

tuto  vapntir,  and  the  pr»utirc  will  go  on  increaKing  till  Ratu- 

in  attained  i  the  ebuitic  force  nf  vapour  will  then  be  found  to 

t  exactly  th«  Kame  as  in  the  case  of  the  vacuous  globe,  and  the 

ioticy  of  liquid  ev^Kirated  will  also  be  the  same. 

lirni  ix.  however,  one  importAnt  difference.     In  the  vnctium  the 

aplrt«  evaporation  of  the  liquid  is  almost  instantaneouA;  in  a  gas. 


tui4| 


rtUely:  that  w  (o  say,  if  i«  e^ui  («  the  preaaure  wltitji  thf  (fOM 
exert  if  t(  altynx  occupied  Ou  vJioU  apace,  jAut  Ihe  ntaxmwf 
«*«  of  vajxmr  for  Vie  tem,peratv.rt  of  ihe  miirfure. 

This  second  law  evidently  com«s  oader  the  goneml  ni]« 
miniDg  ibe  preasureof  a  mixture  of  gaftes  (§  SS7);  iind  th«l 
applies  to  a  mixture  of  gaa  an>l  vapour  when  the  quaot 
latter  falU  short  of  saturation      Each  element  in  a  inixti] 
aod  vapoui's  oxerbs  the  same  pressure  on  t)ie  walls  of  the  eool 
vessel  as  it  would  exert  if  the  other  el«iiiuiit«  wvro  removed. 

It  iTi  douhtful,  however,  whether  thet^e  laws  ar«  rigonNHl 
It  would  rattior  appear  front  some  o£  R«gnault'i  cxp4.-riinail 
Uie  quantity  of  vapour  taken  up  tn  a  given  s|iace  ia  alightly,  \ 
altnont  insensibly,  diminished,  oa  tho  densi^  of  tbe  gai 
cupiea  the  spaee  is  increased. 

ill.  Liqaofkction  of  Gases. — When  vapour  exists  in  lh«~ 
esturation,  any  diniiimtivn  in  tliu  volume  must,  if  the  luin[M 
is  pnserved  constant,  involve  Uie  liquefaction  of  aa  muefa  I 
vapour  aa  would  occupy  the  difference  of  volumes;  and  thif 
which  remains  will  still  be  at  tho  original  density  and  tad| 
vapour  existing  by  it«olf  may  therefore  bo  oomplotaljr  Itfl 
subjecting  it  to  a  preasuro  exceeding,  by  ever  so  Kli;j1it  an  H 
tbe  maximum  tension  oorresp<mdiDg  to  the  temix'raturc.  [m 
that  the  containing  vessel  is  prevented  from  rising  in  tdiaptnl 

Again,  if  a  vapour  at  saturation  be  subjected  to  a  fnl)  iif 
perature,  white  its  volume  remains  unclu 
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TImiP*  an  tberoforc  two  diatinct  meaiw  of  liquefying  a  Tapoar^- 
of  pnesure,  and  lowering  of  toDipunitm'e.  Tiivy  are  em- 
pluvml  aonietinies  separ- 
•iol/,  and  aometiuefl   in 

Fig.  235  npnsootd  tlte 
appamltu  Dsoaltj  cmi- 
ployed  (or  obtaining  sul- 
pburoutt  acid  in  tbe  liquid 
■tate.  The  gas,  which  ii* 
gwratod  in  a  glass  glolte, 
paoM*  fint  into  a  washing- 
bottle.  Iben  through  a  dty  • 
;-tobe,  and  finally  irtU>  a  tube  surrounded  with  a  freeztng-roixture 
:nu)w  and  salt 

Pouillet'a  apparatus,  described  in  §  220,  serves  to  liquefy  most 
liy  means  of  oompreesion. 

order  to  ascnrUin  th«  prcwnirM  at  which  UquefacUca  takes 

I,  or,  in  othiT  wi^mtti,  tlio  mnximuiii  prcMum  of  gasai,  one  of  the 

in  thai  apparalus  ia  replaced  by  a  shorter  tube,  containing 

air,  and 

as  a  mano- 

Bf  Uiiaii»«ansPou- 

|aWt  found    that,  at 

touporaturo    of 

CL,     Bulphuroiu 

[  i*  liquefied  by  a 

of  2i  atmo- 

_    ■,aitrouii  oxide 

ri  priMiiiii  of  43, 

louboateacid  b)- 

'pantre  of  45  at- 

>7S.  Faradaj's  Mo- 

iod.~- Farad  ay.  who 

m»  lhi>  fitvt  to  eon* 

■'     lical  ex- 

:i   tba   liquefaction   of   goAcs,  omployod,  in  the  first 
iHtani-w,  the  simple  apparatus  represented  in  Fig.  23C.     It  oon- 
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nsts  of  a  vory  Htronj;  bent  glafK  tiil)«,  om;  end  of  which 
ingr»lieut«  which  evolve  tho  gas  on  tltc  ApplicAtion  of  htut,  whitsi 
the  otlier  is  iniinen<«ti  in  ft  frcezing-tiiixturev  The  pressure  prodooadl 
hy  the  evolution  of  the  gan  in  lar^  quantity  in  a  confined  speed,  [ 
eomhines  with  the  cold  of  the  freezing- mixture  to  produce  liqtiefafr  ■ 
tjon  of  the  ga8,aod  the  liquid  accordingly  ootlectfi  in  the  cold  end  of  | 
the  tuho. 

Thiloricr, about  th(?yenr  I834,itivcnto()  the  »|)p»mt»a  repi'twarted  I 
in  Rg.  237,  whidi  is  haied  on  thi»  method  of  KajiKlny.  and  M  fa-j 
tended  for  liqiiefx-ing  c;.rlKinic  acid  gas.   This  operation  ri*<]aim  tlie 
enonuous  pre^ure  of  about  tifty  atjuospheres  at  ordinary-  tcmpen- 
tuns.  If  a  slight  rise  of  temperature  occur  fnaa  the  chemical  artioii 
attviidin<;  tlio  production  of  the  pus,  a  pressure  of  75  or  80  aloKK 
spheres  niav  not  improbably  bo  required.   Hence  great  care  is  OMO^ 
sar>'  in  testing  the  strength  of  the  inotal  employed  in  th«  ooaMiw- 
tion  of  the  apparatus.     It   was  fomieriy  made  of   coMt-iroB.  tad 
stren^ened  by  wrought-iron  hoops;  but  the  construction  baa  sian 
been  changed  on  account  of  a  terrible  explosion,  which  oast  the  lib 
of  one  of  the  operators.    At  present  the  vessels  ore  formed  of  thiw 
parts;  the  inner  one  uf  lead,  tlio  next  e,  which  completely  en--'-  •- 
this,  of  copper,  and  linally,  the  hoops  //of  wrought  iron  (I'l.    ■ 
which  bind  the  whole  tc^ther.     The  apparatus  coosists  of  twe^ 
tinct  r«»crToira.     In  the  generator  C  is  placed  bicarbonate  of  mh 
and  a  vertical  tube  a,  open  at  top,  containing  sulphuric  acid   ij 
imparting  an  oscillatory  movement  to  the  vessel  about  the  two  phi* 
which  support  it  near  tho  middle,  the  snlphuric  acid  is  gnAaBf 
discharged,  and  the  cftrbouic  acid  is  evolved,  and  becomes  li(i»4  b 
the  interior.  The  generator  is  then  connected  with  the  ooodooMrt? 
by  the  tube  t.  and  the  stop-coclcA  R  and  K'  art>  opened.    A*  Moa* 
the  two  veflsels  are  in  communication,  the  liquid  oarbaide  arid  | 
into  the  condenser,  which  is  at  a  lower  temperature  than  th«  | 
rator,  and  represents  the  cold  branch  of  Faraday's  ^iparatta.  A*  | 
generator  can  then  be  diKcuuoectod  and  rcdiarged,  and  thu»«»«*j 
pints  of  liquid  carbonic  acid  may  bo  obtained. 

In  the  fure^Tjing  metltods,  tlin  pressure  whidi  prodaoea  liqushrtW ' 
is  furnished  by  the  evolution  of  tlic  gna  Om'H. 

In  tome  otlier  forms  of  a]>paratu.s  tlie  pressure  is  nhlained  iij  ^ 
OM  ot  one  or  more  coinpre^c^ion-punipci.  which  force  the  gia  froQ ' 
vesael  in  which  it  is  generated  into  a  second  vessel,  which  it 
cool  either  by  ice  or  a  freering-mixture.  Th«  apparatus  of  this  1 
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lively  used  ui  that  (Iovise<I  hj  Binochi.     It 
non-panip  driven  by  a  crntik  funiii<liv(]  with  a 

A,  and  tortied  hy  band. 

lay.  ia  hia  later  expenmentR,  employed  two  pumps.  Uic  fint 
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:  of  an  inch,  and  the  seoond  of  only  half  an  incli  dja- 
it  potDp  in  the  earlier  stage  of  the  opetatiou  fotved 
Ifanrngfa  tiie  second  into  the  receiver.  In  the  later  stage  the 
punip  was  also  worked,  so  aa  to  force  tho  goa  already  con- 
lo  10,  13,  or  20  atmosplierea  into  the  rcveivor  at  a  much 
irewort.  The  receiver  was  a  tube  of  green  bottle-glass,  and 
leniei]  in  a  very  intense  freezing-mixture,  ooa^iUting  nf  Aolid 
acid  and  cUier,  the  oooliug  et!ect  being  aonietimes  increased 
luttng  the  air  and  vapour  from  the  vessel  contoiuin);  the 
■mixture,  HO  oa  to  jiromoto  more  rapid  o\'aporalion. 
«t«itt  Btat  of  VaporiiatloD.  Cold  produced  by  BvaporatlOB. — 
•a^  from  the  liquid  to  tlio  ^m-ouit  ittate  i«  accouipnriird  by 
f)p«iiranoc  of  a  large  qtuinttty  of  heat.  Whenever  a  liquid 
«•  without  tlie  application  of  heat,  a  <lcpri<w(ion  of  tempera- 
am.  llius,  for  instance,  if  any  [tortion  of  the  okin  be  kept 
tb  aleohol  or  ether,  a  decided  wnsation  of  cold  is  felts    Watvr 
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produces  the  Aamo  eifect  in  a  smaUer  degree,  becauiie  it  evapunUc* 
leas  rapidly. 

The  heat  which  thus  dtsappi-nn;  in  virtue  of  the  passage  of  k  Uijuid 
into  the  gOBeoud  condition,  is  cnlk-d  the  ItUent  heat  of  %vtp*>ristii<m. 
Its  amount  varies  according  tu  the  tvmpcraturu  at  which  Uio  etiaa]^ 
18  elTect4.-<],  and  it  m  exactly  reettoret)  when  ttio  ^Ttpour  rutuma  to  liha 
liquid  font),  provided  that  botli  diange-t  have  been  ctK'ct«d  at  ^^ 
same  temperature.  \\»  amount  for  vapour  of  water  at  Uir  tvinp|^^| 
ture  100^  C.  is  53C°;  that  is  to  say,  the  quantity  of  heat  whidi  di»- 
appvani  in  Ui«  evaporation  of  a  pound  of  water  at  this  tenipenttun-. 
and  which  reappears  in  the  cundcn^iiation  of  a  pound  of  stuam  at  ihr 
same  temperature,  would  be  sufficient  to  raine  the  tcmfH-raturu  o(  5SII 
pounds  of  water  from  0°  to  1'. 

The  latent  hent  of  vaporization  plays  an  important  p«rt  in  Um 
heating  of  buildint^  by  sk-uto.  A  pound  of  siaaa  at  100*,  in  Ikwioi- 
ing  reduced  to  wat»r  at  30°,  given  out  as  much  hmt  aa  aboat  8|  lU. 
of  wat«.T  at  100'  in  coolintj  down  to  the  aatuc  temperature. 

S74.  Leslie's  Experiment. — Water  can  be  ea»)ly  frozen  by  iha  ooU 
riKulting  from  ita  own  enpotrntice,  m 
w&s  lirst  shown  by  Leslie  in  a  oeMale' 
txponinent.     A  small  capsule  (Fig.  S3!)) 
of  copper  is  taken,  cootaimng  a  KuJr 
water,  and  is  i>Uiccd  above  s  venel  (od- 
taining  strong  aulpliuric  acid.   Tho  vkik 
is  placed  under  tJie  receiver  of  an  lir^ 
puin]i,   which    is   then   exhausted. 
water  evaporates  wiUi  great  rapiditj, 
vapour  being  absorbe<l  by  the  rotpbir'W 
add  aa  faat  aa  it  ia  formed,  and  ion 
begins   to  appear  on  the  Buriaen. 
fxpi-riment  is,  however,  rather  difficait 
pvrfurm   suocussfully.     This  arisM  i^^^ 
various  causes. 
In  tho  first  plac«.  (he  vajioiir  of  wator  which  oceupiea  Uu 
part  of  the  rco-iver  is  only  imperfectly  abeorlied;  and,  id  Um 
place,  aa  tlie  upper  kyer  of  the  acid  booomes  diluted  by  abahotf 
the  vapour,  itH  afGnity  for  water  rapidly  diminiabea. 

Tbeae  oltttaclcs  have  been  removed  by  an  apparatus  invtnlc4  kj 
M.  Corr^,  which  enables  us  to  ol^in  a  oomiderable  mam  ol  ietiAk 
tew  minutes.    It  con-tista  (Fig.  230)  of  a  leaden  reservoir 
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ilpburic  acid  At  ooe  «xti«iiiity  is  a  vertical  tubo,  the  cmil  of  wliidi 
bent  over  and  connected  with  a  Hnak  containing  waUtr.  Th«  ottier 
BxtranLity  of  thti  reservoir  couunutiicatos  vriUi  an  air-punij),  to  thi> 


t)(.  Mfci  nuifi  Aivantiu  for  fnoluf  bi  Satpbatto  AsM 

I  of  which  u  fltt«d  a  metallic  rod,  which  drives  on  agitator 
Bicsed  in  the  acid.    Bt  this  means  the  surface  of  the  acid  is  oon- 
'''Mully  rvnaWfict,  abnorptiuii  takv«  plaou  with  re^larity,  and  tlie 
**ler  in  mpidljr  IrtxEvn. 

175,  OrrophoraL — Wollast^in's  cryoplioru«  (Fig.  2-H))  conftist«  of  a 
■MU  tube  with  a  bulb  at  each  end.     It  is  partly  6\\e4  with  water, 
bcrmetacally  sealed  wbilo  the  U(iuid  is  in  ebullition,  thus  expel- 
'Ifae  air. 
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Wlii>n  nil  oxpi-riiiicnt  ui  b>  be  made,  all  the  ]i<]ai<l  is  |)MMd 
Uio  bulb  B,  and  Uie  bulb  A  is  plunged  into  a  freezing-mi  xt 

into  pounded  ioe.    The  cold  cundei 
the  vapour  in  A.  and  tha.i  jirod 
rapid  evaporation  of  the  water  in 
In  a  xhort  time  nccdlos  of  ke  appear 
on  the  3urfac*«  of  tbi-  liijiiid. 

376.  PnexioK  of  Water  by  tbt  Eva- 
poration  of  Ether. — Water  b  pound 
into  a  glaas  tul>o  dipped  into  oUmt, 
which  ia  contained  in  a  gitm  rvnl 
for  th«  purpoBo  <Fig.  241 ).  By  bmum 
of  a  pair  of  bellows  a  current  of  air  ii 
made  to  pom  Uimd<;li  the  uther;  eva- 
pomtion  is  quickly  produced,  and  it 

n»  ua-C7rovh«,vA  "J'*  "«•  of  »  '««"  «"i"ut««  the  wal«r  ii 

the  tube  ix  fii>w>n. 
If.  inKtcod  of  promoting  evapomtion  of  the  uther  by  moiiu  ol  ■ 


/I 
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cui-rcnt  of  air.  tlie  vessel  were  placed  under  Ibo  exltauatod 
of  an  air-pump,  a  much  greater  fall  of  temperature  would 
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iami,  «0(1  oruo  mvrcury  might  easily  be  ftozea.    Thb  experiiiivnt, 
',ia  ityuriotM  to  Uio  pump,  owiug  to  the  solvent  action  of  titv 
IberoD  tine  oil  witli  which  U)c  valve.t  ami  ut)ii;r  moving  poru  are 

Vn.  Freatiagr  of  Hertoiy  by  meana  of  SnlphorouB  Acid.— Mi-rcurj- 
vj  be  frozen  by  means  of  liquid  guIphurouR  aci<l,  which  ia  much 
volatile  than  ether.     In  order  to  escape  the  suf- 
acUou  of  tlio  gaa,  the  fixporitncnt  is  per- 
icd  in  th«  foUowin);;  maimer: — 
,  Into  a  glaos  veesml  (Fig.  242}  are  poured  suocn* 
jrelf    mercury  and   lii)uiil   Hulphurous  acid.     The 
pMcl  is  dosed  by  an  india-rubber  stopper,  in  which 
gU«  tubw  ani  titt«d.    One  of  these  dips  to  thu 
of  tlie  Kulpburuus  acid,  and  is  oonuveted  at 
outer  end  vrilli  a  bladder  full  of  air.   Air  is  pnascd 
;h  tho  lifiuid  by  oomprossiug  th«  bladder,  and 
charged  witli  vapour,  through  Uie  second 
which  b  fitted  with  an  tndia-nibber  tube 
Iff  to  the  open  air.    Evaporation  proceeds  with  grvat  rapidity, 
d  thn  niervuiy  sooo  tmOM. 

898.  OarrCt  AauBOsiacal  Apparatm. — ^Th«  apparatus  invented  some 
■go  by  M.  Carr^  for  making  ioc  in  another  in^tuni-^  of  tlie  n))> 


SalidiBrMn  Irld 
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l_ii  <_<]  c'--M  produced  by  era]>oratioD.  It  consists  (Figs.  243  and 
two  |inttM,  a  boiler  and  a  cooler.  The  boiler  is  of  wrought 
d  b  M  oonatructed  as  to  give  a  very  large  hi-itting  surface. 
ire»><{uartoia  filled  with  a  saturated  solutioD  of  ammonia, 
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which  contains  from  six  to  seven  hundred  times  its  volume  of  gM. 
The  ooolur  is  of  an  annular  fonn,  and  in  the  ct'Dtrol  space  b  pUoed 
u  vessel  containing  tho  water  to  bo  frozen.  In  the  Midca  of  th«  cooler 
are  a  nuitilxr  of  sninll  cclltt,  the  ohject  of  which  is  to  increaM  ita 
surface  of  contact  with  the  wat<'r  in  which  it  is  immersed. 

In  the  fir^t  part  of  the  exjierimont,  which  is  r«pr«)«nt«d  in  tht 
figure,  the  boiler  is  placed  upon  a  Bre,  and  the  temperature  raiit«d  to 
130",  while  the  cooler  is  surrounded  with  cold  water.     Amrooniaeal 
gas  is  given  off,  passes  into  the  cooler  by  the  valve  s  opening  op- 
wards,  and   ix  condi-n'^od  in  ttie  nunicrouH  cells  abovo  mentioned 
Thiu  Rrst  part  of  tlie  operation,  in  the  fliiiall  tmu-hinM  for  domcatie 
use,  occupies  about  three-tjuartcra  of  an  hour.   In  the  Rcoood  pait  n( 
the  operation,  the  cylindrical  vessel  containing  the  water  to  b»  frotcti 
b  placed  in  the  central  space;  the  cooler  is  surrounded  withanenTiJopt 
of  felt,  which  is  a  very  bad  couduct^jr  of  heat,  and  the  boiler  M  on- 
meiscd  in  cold  water.     The  water  in  the  boiler,  as  it  coob,  b  aU» 
again  to  receive  and  dissolve  the  gna.  which  cnU-.n  by  the  tsItq  f  of 
the  Ijtrnt  i«iphon-shaped   tube.     The  liquid  ammonia  in  tht  oOdltf 
accordingly  ev'apomtes  with  great  rapidity,  prodncing  a  fall  of  Uk- 
perature  which  fri-ezes  the  water  in  the  inclosed  vessel. 

379.  BoUdiQcatioa  of  Carbonic  Acil — Wh«ii  a  small  orifleo  u  opmd 
in  a  rcfiscl  cont&iiun;^  liquid  carlmnic  acid,  evaporation  proccMli » 
rapidly  that  the  cold  resulting  from  it  freezes  •  port  icm  of  tli«  «-ip«a. 
whid)  tak(u(  the  form  of  fine  anow.uid  majr  be  collected  in  oom^ 
able  quantity. 

Thb  carbonic  acid  snow,  which  was  first  oblniood  by  Thi1crri«> 
readily  dissolved  by  ether,  and  forms  witii  it  one  of  tlio  mort  bMf* 
freezing-mixtures  known.  By  immersing  tiibcs  containinjf  lltjiMM 
gBMs  in  tliLs  nitxttire,  Faraday  aiicoeodM  in  reducing  Kveral  of  ll)* 
including  carbonic  add,  cyanogen,  and  nitrous  oxide,  to  thv  foiBi' 
clear  transjiareiit  ioe,  the  fall  of  temperature  being  aided,  in  km  ^ 
hb  experiments,  by  employing  an  air-pump  to  promote  more  »(*1, 
evaporation  of  carbonic  acid  from  the  mixture.  By  the  lattar  p** 
OMR  b«  wu  enabled  to  obtain  a  temperature  of  —  16t!*  F.{— llO'Cl 
m  indicate*)  by  an  alcohol  tlicnnomet«r,  the  alcohol  )t«elf  faeinf  l** 
duoed  to  tlte  oonsistenoe  of  oil  DespretJ!,  by  meann  of  tht  bId 
produced  by  a  mixture  of  solid  carbonic  add,  liquid  nitrooi  odk 
and  ether,  rendered  alcohol  so  v-iscid  that  it  did  not  ran  out  «lw 
the  vessel  which  contained  it  was  inverted. 

380.  CoBtiauity  of  the  Liquid  and  Oaseoas  States.     Critical  To- 
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pentore. — Remarkable  resutbi  were  obt&ined  by  Cagniard  cl<>  In  TouH 
by  beMil^  volatile  liquidvi  (iilct>liol,  petroleum,  and  sulphuric  ether) 
in  closed  tobee  of  qjvnt  i^lrongth,  and  of  caj>iu?it}'  about  double  Ui« 
volmtw  of  the  IncIotMid  liquid.  At  certain  tomiHTnturvs  (36'  C  for 
aloobal,and  4S*  for  ethi-r)  the  li<iui<l  itnddenty  diMppeared,  bGOomtng 
if^iarently  oonveTt«d  into  vapour. 

Urion.*  by  similar  experiments  npon  hydrochloric  ether,  hyponitric 
acid,  anil  sulphurous  acid,  showed — 

1.  That  the  coefficients  of  apparent  expansion  of  ih«M  liquids 
incnam  npidly  vritli  the  tompcnturc 

S.  Tliat  tbey  bocomo  mjuaI  to  the  coefficient  of  expaation  of  air, 
at  teinpar»tur«s  much  lower  than  those  at  which  total  oonversion 
into  \'a]tour  oecum. 

X  That  they  may  even  become  double  and  more  than  double  the 
oocfBcifnt  of  expansion  of  air:  for  example,  at  130°  C.  the  coefficient 
of  expafwioo  of  sulphurouti  acid  wn>t  -OOO-ITl. 

Thiloricr  luul  previously  showii  that  the  cxpaniiion  of  li<]nid  car- 
,  faooie  add  Wtween  the  temperatures  0*  and  30*  C.  is  four  tinifw  as 
[  gnat  as  that  of  air. 

DrioQ  further  observed,  that  when  the  temper&ture  was  raised 

my  ([ladually  to  tJic  point  of  total  vaporization,  the  free  aurTacf 

I  iM  its  dttinition,  ami  was  replaced  by  a  nebulous  zone  without 

Idbftdto  «dgi-s  and  di-:«titut4!  of  reflecting  power.  This  zone  increased 

[Jo  abg  both  upwaixls  awl  downwards,  but  at  the  jtamo  time  became 

'Visible,  until  the  tuW  appeared  completely  empty.    The  same 

weni  reproduced  in  inverse  order  on  gradually  oooting 

tab*. 

^VWi  tfa«  U(]u{d  was  contained  in  a  capillary  tube,  or  when  a 

KpilUry  tube  wan  |iartly  immeiwd  in  it,  tlio  curvature  of  t)io  meniscus 

tlie  capillar^'  elevation  di-cnwwd  as  tlie  tempemturc  rose,  until 

kagtb,  just  l)efore  ttie  ociunence  of  total  Taporization,  the  sur- 

l^Qi  became  plane,  and  the  le\'el  was  the  same  wiiliin  aa  without 

KtaW 

Dr.  Andrvws,  by  a  serii-s  of  elaborate  experiments  on  carbonic 
'  *t>d.  with  the  aid  of  an  nppnrat4iN  which  iwrnulted  the  pressure  and 
ture  to  be  altered  independently  of  eacli  other,  has  shown 
at  ti-iupiTaturea  abovi.'  31*  C.  this  gw  cannot  1m>  lii|uet{od,  but. 
'  vben  subjected  to  intense  pressure,  becomes  rediier>d  to  a  condition 
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ill  which,  though  homoi,'onfous,  it  U  neither  a  li(|md  nor 
When  in  this  condition,  lowering  of  t<.'Uipi^'mturi>  uiiJcir  oonslAJit 
sura  wilt  reduce  it  to  a  liquid,  and  dimiiiutiuii  of  pn^nnurt)  at  ootutaat 
tempcrsturc  will  reduce  it  to  a  ga^t;  but  in  D«iUicr  cose  cui  any  bivacb 
of  continuity  be  dctc-ctcd  in  the  tranttiiioii. 

On   the  other   hand,  at   teinpemtures   below  31',  the  sntstaim. 
remain.')  completely  gni^eous  until  tho  pressure  reaches  a  certain 
depending  on  the  tomperaturc.  and  any  prcwun)  exceeding  this 
causes  liquefaction  to coniinencd and  tocuntinuo  till  the  wboleof  I 
gas  is  liijuutifd,  the  boundaQ-  biitwccn  the  liquefied  and  unliqur 
portions  beiiid,'  alw&^'B  sharply  defined. 

The  temperature  31°  C,  or  more  exactly  SO-Oa'  a  (87T  F.),  nay 
therefore  be  called  the  critiatt  ffmperature  for  carbonic  acid ;  and  it 
is  probable  that  ovory  otliur  substance,  whether  usually  occurring  in 
the  gaseous  or  in  th<.-  liquid  form,  has  in  Uke  manner  ita  own  crttiol 
temperature.  Dr.  Andrews  found  tLat  nitrous  oxide,  liydrochknt 
acid,  ammonia,  sulphuric  etlii-r,  and  sulphuret  of  carbon,  all  oxliibilMl 
critical  tcmp^tratures,  which,  in  the  case  of  soioe  of  these  Bubslaaca. 
were  above  100°  O. 

It  is  probable  tbat^  in  the  experiments  of  Cagnianl  dc  la  TooruJ 
Drion.  the  eo-called  total  convcntitm  into  vapour  waa  tvUly  ooBW- 
sioD  into  the  intermediate  condition. 

The  continuous  convereioa  of  a  gn«  into  n  liquid  may  he  efTrdxl 
by  first  compressing  it  at  a  temperature  atwvo  its  critii'al  tcmpaa- 
bture,  until  it  is  reduced  to  the  volume  whidi  it  will  occupy  aW 
liquefied,  and  then  cooling  it  bolow  the  critical  point. 

Tho  continuous  convcreion  of  a  liquid  into  a  gas  may  W  obuiwl 
by  first  roLiing  it  above  the  critical  tcmpvmturo  while  kept  wk 
pressure  sufficient  to  prevent  ebullition,  and  aft4:rwanis  aUovlif  it 
to  expand. 

When  a  substance  Is  a  little  above  its  critical  tentp«ratuit.ial 
occupies  a  volume  which  would,  at  a  lower  temperaton,  bs  n** 
patiblc  witli  partial  liquefaction,  very  great  changes  of  voloBcV 
produced  by  very  slight  clianges  of  prvssurv. 

On  the  iither  hand,  when  a  subHtiuicx'  is  at  a  tcmpcraturr  a  liHl' 
below  its  critical  point,  and  U  partially  liquefied,  a  alight  inernw^ 
temperature  leads  to  a  gradual  obliteiation  of  tlie  surfiMo  of  deBan- 
tiou  K'twevn  the  liquid  and  the  gas;  and  when  tho  wbola  ba«lba 
boeo  rvducil  to  a  homogeneous  fluid,  it  can  be  mada  to  ■■^^ji"*  n 
appeanwoe  of  moving  or  flickering  strin  throughout  ita  entbra  ■«■ 
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IiKhtljr  lowering  thv  temperature,  or  suddenly  diminiahing  the 
Huro. 

The  ftpporatUB  employed  in  Uic»u  remarkable  expcrimcato.  which 
an-  doaeribed  in  Uie  Ba)c«rian  Lectura  (Phil.  Tfa7ui.  IS'ia),  in  shown 
m  Fig.  2*5, wherBc care  two  capillary  glaw  tubes  of  great  strength 
<Nw  uf  tbpm  containing  the  carbonic  acid  or  other  gaa  to  be  expvri- 
'  an,  the  other  containing  air 
aa  a  manoinctur.     These 
eoDoeetcd  with  strong  copper 
tabes  dd,  of  hunger  diainotcr,  con- 
laininj  wat«r,  and  oomiuunicatiiig 
with  each  other  through  ab,  the 
wmt«r    being    sepaiated    from   the 
IpwM  by  a  cnlunin!  of  mercury  oc- 
cupying the  lowor  portion  of  each 
u|iiUary  tube.     The  at«cl  ocrcws 
■  ■  am  tlie  inittnimcnts  for  apply* 
iiy  pnwturo.     By  screwing  either 
of  theto  forward   into  the  water, 
tbt  eooteDla  of  both  tubw  are  coni- 
{■Mud,  and  ibe  only  mo  of  h»^'iug 
it  to  give  a  wider  rango  of  com- 
A  rvctangul&r  brass  caaa 
aliown  in  th«  figure),  dosed  be- 
(<xt  and  behind  with  plate-glass, 
"■nosnda  each  capillary  tulx.',  and 
■Oma  it  to  bo  maintainvd  at  any  required  tonipciature  by  the  flow 
^  t  itreani  of  watw. 

tSL  Li(|QefactiQB  aad  Solidiflcation  of  Oxygen  and  Hydrogen. — 
^'p  to  quit*"  rtN-tiii  tiuieii,  air,  oxygen,  hydrogen,  nitrogen,  niiric  oxide, 
,'*ni  taandi-gas  had  defied  all  attempts  to  liquefy  them,  and  were 
"Osfon  called  "permanent  gases."  But  in  tbo  latt«r  part  of  the 
iS77  aod  the  beginning  of  1878  tlioy  were  Hqaoficd  by  two 
■*»»tigatoni  independently. 
X.  (.'aiUetet,  a  French  engineer,  employctl  an  apparatus  Hiniilar  in 
iple  to  that  of  Dr.  Andrews  described  in  the  preceding  fiectioD; 
gaa  bttii^  compreased  in  a  strong  capillary  tube  by  screwing  a 
hofcT  into  water,  winch  transmitted  the  [ovasure  to  murcury  in 
iU£t  with  the  gas.  Wtien  tbo  gaa  had  had  time  to  lose  itn  heiu  of 
too,  aad  to  attain  Uie  low  temperature  of  tlie  incloaure  by 


IV  MS— Agdm^  AnaialM 


3M 


BTAPORATIOS    ASD  CoyDEXSATIOW, 


which  it  was  surroimded.  it  vros  Buddenly  allowed  to  expand  hy  no- 
scrowini;  a  Hocond  iicrcw  pluuger  provided  for  the  purpose ;  &nd  aada 
thti  iutluv»ce  of  Hit  intoiue  cold  produced  by  this  vxpiuisiou,  thr  ^m 
in  tlie  tube  asaumcd  the  fomi  of  a  eloud.showtng  tliai  drops  of  liquiU 
were  prcT.iM>nt  in  it,  For  tiixta  liquefying  oxygen,  lie  cmployvd  ■ 
pr«asure  of  >'100  atmospheres,  and,  before  allowing  the  gia  to  expand, 
cooled  it  to  the  temperature  —2!)°  C.  by  means  of  the  evaporatko  al 
sulphurous  acid.  For  nitrogen  ho  employed  a  pressure  of  SOO,  uJ 
for  hydrogen  of  280  atmospherea. 

M.  Raoul  PicLct,  of  Geneva,  who  has  dex'oted  much  att«iitaoB  to 
the  artiiicia)  production  of  ice,  eooted  the  gas  ntidi-r  prcmun,  bj 
surrounding  it  with  two  tub«>s  one  within  the  otlier,  tim  out4tr  <» 
containing  liquid  sulphurous  acid,  which  was  rapidly  evaporated  In 
pumping  away  its  vapour,  while  th«  inner  one  contained  solid  tw 
bontc  acid,  which  wau  abo  evaporated  by  mcanu  of  a  pump.  TU 
temperature  of  the  outer  tube  was  —65*  or  —70*;  that  of  the  imw 
about  —140*;  and  thiit  inner  tube  immediately  fturroutKlcd  tbetsb 
containing  the  gas  which  it  was  dcsir^  to  liquefy.  The  prmiOR 
was  produced,  as  in  Faraday's  earlier  experiuenta,  by  tin  duaaiti 
action  which  evolved  the  gas.  When  time  bad  been  given  fnr  thr 
compressed  gas  to  take  the  low  temperature  of  ita  surroandiiu;iL  i 
cock  was  opened  which  allowed  it  to  escape  through  a  small  (ihlkr  | 
into  the  external  ^r,  and  the  issuing  jet  was  Hc«n  to  be  li<|iii>i  h 
(he  cane  of  oxygen,  the  prensure  before  the  escapo  of  the  jet  «m  0 
atmo^eres,  in  the  case  of  hydivgen  it  was  6&0.  The  jet  of  liipi 
hydrogen  was  of  a  steel-blue  colour,  and  after  a  short  tine  H  *»• 
changed  into  a  liAil  of  solid  partideH,  showing  that  hydrof^  i>^ 
not  only  been  litiucfled  but  »oltilifii^<l.  Tn  a  later  experiment  ibjA 
of  oxygen  was  Rulxnitted  to  optical  ti>st((  (by  polarized  light)  wUA 
showed  that  it  contained  solid  particli-fl. 
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t,  EbnUltioB. — When  an  open  v&tsel  containing  a  Uqui'l  !■«  placed 
a  (ire  ar  held  over  the  Batne  of  ft  lamp,  evaporation  at  first  goes 
tptiftly  an<l  Uic  lit]ui<)  steadily  rises  in  t«inpcraturc;  but  atVr  a 
fans  tbv  li((ui<l  becuint»  agitatvd,  gives  off  vapour  much  faster,  and 
■awina  iiearljr  constant  in  («Bipemture. 
pM  U()ui(l  iit  now  aajd  to  btnl  or  to  be  in 
i«Uto  uf  fbuilition. 

m  obeerve  the  gradual  progress  of 

pbeiuMDena — as  we  csji  eafi^ily  do  in  a 

I V— nl  oooLaining  wat«r,  we  shall  per- 

that,  after  a  time,  very  minute  bub- 

I  arc  given  oil';  these  aru  bubbles  of  dis- 

1  nlMd  air.     Soon  afu-r,  at  the  bottuin  of 

It^M  vtmel.  and  at  tliotte  parts  of  the  mdv» 

[•hick  ar«  most  inimedtately  oxp<MC<l  to 

I  uAioa  of  the  fire,  larger  bubbJeti  of 

'  an  formed,  which  decrease  in  vol- 

they  ascend,  and  disappear  before 

the  surface.     This  sta^o  is  aot'om- 

liy  a  peculiar  sound,  indicative  of 

Hag  ebullition,  and  thi;  liquid  in 

I  lo  bo  nttging.   Tlie  Aoiind  a  probably 

:  by  the  collapsing  of  tJie  bubbles  an 

are  condensed  by  the  colder  water  through  which  iliey  pass. 

Ily.  the  bubbles  increase  in  number,  ^imwinc  larger  as  they 

J,  until  they  burst  at  the  surface,  which  is  thuH  kept  in  a  state 

ion :  and  the  liquid  boils. 

Laws  of  Ebnllition. — The  followini;  ai«  the  ordinary  laws  of 


r^  Ut  -KbulUtloa. 


A^uiuvAuuABTwmvTT -r    r — r-  ■  ■  ■■-■ ■-■•■■|i^ r — « — q — « — ■ — ■ — i 

Connoa  Mh«r, 37*  OonMOtmUd  •ulphncle  tii, .    1 

Aloohcl, 79*         U«nnu7, ^J 

IKitUlod  *ftU(, 100*  Sul|>huT. S 

2.  The  temperature  remavat  eotwtani  dv^ring  ebnUition, 
thermometer  be  intTodticed  into  the  ^lam  vessel  of  Fig.  846,  tl 
pcrature  will  be  obson'ed  to  rise  gradually  during  Uid  diflarcol 
prvcoding  ebullition :  but,  wlion  tu-tivo  cbullJUoa  Ittui  o&oo  oobu 
IK)  furtbcr  mlvKDCtt  of  t«mi>i-rutiiru  will  be  obit«r\*od.  fl 

This  pheuouienon  points  to  the  same  conclusion  u  UteVI 
duced  by  evaporation.  Since,  notwitbatanding  tbe  ootitJtnioaa 
of  tbe  fire,  the  temperature  remains  constant,  the  conclusina  b 
able,  that  all  the  heat  produced  itt  employed  in  doing  tbe  work 
Haiy  to  change  the  liquid  into  vapour.  Tho  oonatMU^of  teai|N 
during  ebullition  explains  the  fact  that  vcsaola  of  pcwt«r,  !■ 
other  Busily  fu.iibl<!  metal,  may  be  safely  exposed  to  the  «i 
even  a  very  hot  tire,  provided  that  they  contain  water,  ■til 
liquid  reiimins  at  a  temperature  of  about  100*,  and  it*  eooUi 
vents  the  vessel  from  over-heatJng.  We  shall  ae«  hvraaftd 
under  certain  ctrcumstanccfi,  the  commencement  of  ebuUit 
delayed  till  tho  liquid  boa  risen  oonaid<?rably  above  tJie  pen 
temperature  which  it  retains  when  boiling.  Tbo  Mcond  lav 
not  nUolut>rly  exact.  Small  fluctuatjona  of  tvmponturo  oon 
ftomo  parts  of  the  liquid  are  slightly  hotter  tlian  othorR.  TV 
perature  of  the  vapour  is  more  constant  titan  that  of  th9  waU 
is  accordingly  employed  in  dstormining  tlie  "  tixcd  pourts"  j 
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'  la  nxpcllcd,  And  th«  upper  part  of  tlio  vessel,  from  the 
}  the  mouth,  is  occupied  by  vapour  alonu,  which,  lx.-ing  in 
monication  with  the  extenial  air,  niuHt  be  H«iuitbly  equal  to 
aB8ar& 

jUowing  expenm«Bt  ftiraishes  an  interesting  confirmation  of 
dlaw. 

kv  «  bent  tube  A,  open  at  tlia  longer  extremity,  and  closed 
nrtcr.  The  abort  bntncli 
^nh  mercury,  all  but  a 
■oe  coDlaimn^  water;  in 
g  branch  the  mercury 
V  Uttlft  higher  than  tho 
Vtia  is  DOW  boiled  in  a 
■ael,  and,  daring  ebulU- 
bent  tube  ia  plunged  into 
n.  The  water  occupying 
T  part  of  ibo  abort  bcanch 
lly  oanvertod  into  steam, 
my  bU».and  itaatame* 
I  lm<i  in  both  hrandiea. 
B  pnatrare  exerted  by  the 
«re  at  the  open  extn.-iiiity 
lube  is  exactly  equal  t<i 
Evted  by  the  vapour  of 
Hm  t«inpenture  of  obul- 


i 
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.1'  <ii  >liuiu(  EbulUUoa. 


Mlaltloa  of  EboUitioD. — 

er  circuiiiiit&neo  Hupplim 

phyaica]  definition  of  obultition.    A  li^id  is  in  ebuUiiion 

ffitra  o^  vdjMHir  of  the  aonu  preasun  as  the  atntosphei'^ 

■ii—Ujr  of  thU  equality  of  tension  is  easily 

iL     If  a  bubble  of  vapour  exists  in  the  in- 

•  liquid  (aa  at  m.  Fig.  iiH).  It  is  subject  to  a 

■oceseding  atmoepberic  by  the  weight  of  the 

bora  H.     Aa  the  bubble  ristw,  the  latter  ele- 

[ilMiiiim  becomes  lees,  and  tho  prenureof  the 

onposing  the  bubble  accordinfrly  diminishcfi. 

k  ndnoed  to  atmottpheric  prcwure  on  reaching  the  surfaoft, 

lUing-point  of  a  liquid  at  given  pressure  in  therefore  neoea- 
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aarily  tUed,  since  it  is  Hia  temperature  at  whidi  the  preasurei 
vapour  at  saturation  is  e^iual  to  this  pressure.  It  must  be  rvmaj 
however,  that  the  boiling-point  varies  in  the  ditferent  layen  d 
liquid,  increasing  with  the  depth  bolow  the  surface.  Aooordti 
in  determining  the  second  fixed  point  ui  Uie  thvniiouivtcr,  we 
Btat4Ml  that  the  iattrument  nhouM  be  plunged  iqUj  Uw  Mt«aiu,aiu 
into  the  n'nt«r. 

385.  Effect  of  Preasure  upon  the  Boilio^-jioint. — It  evidcoUji 
lowH  from  the  forgoing  considerations  that  the  boiUng^ftoinl 
liquid  uxM^t  vary  with  the  pressure  on  the  surface;  and  exjifrii 
shows  that  tlu»  ls  the  cnsu.  Water,  for  inatanco,  boils  at  lOO"  a 
tfai>exU.-m&l  prL'»surciif  760  millimetres ;  but  if  tltitpruisare  ctecn 
ebullition  occurs  at  v.  lower  teinpcraturc.  Under  the  rvceivtr  ( 
air-pump,  water  may  he  made  to  boil  at  any  t«nipomtun>  htb 
0*  and  1I}0^  In  Carry's  apparatus  (Fig.  2.19)  the  water  in  Uw  j 
bottle  is  obeervod  to  enter  into  active  ebullition  a  few  tiwai 
before  the  appearance  of  tlio  ice.  The  reason,  therefore,  why  bd 
water  has  come  to  bo  a«sociat4^  in  our  minds  with  a  tixed  t«ii{i 
turc  ia  that  tlio  variationn  of  atmospheric  prcSHura  are  compaimtii 

aiiuiU. 

At  Paru.  for  itistant.'e,  tbi 
temal  pressure  rariw  bein 
720  and  790  mJUimetns  (] 
and  311  inchoi),  and  tl»  bgtt 
point,  in  consequence,  varii*  h 
S8-5'  to  101-1°.  the  diflenwsl 
tag  at  the  r»to  of  about  Z7**| 
deigree. 

386.  FnnUiB't  Eipcriaat 
The  boiling  of  water  at  t  W 
perature  lower  than  100*  M^l 
sbowD  by  the  following  Mfl 
ment: — 

A  little  water  is  boUed  k 
dask  for  a  sufficient  tiine  Idol 
most  of  tlie  air  ooutainvd  ia 
The  flask  is  tbea  nmond  b 
the  .tuurce  of  beat,  and  it  al  I 
same  time  securely  corked.  To  render  the  exclusion  of  ur  I 
more  certain,  it  may  bo  inx'erted  with  tlte  corked  end  ti 


*i(^ 
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water  which  h»  be«n  boJIvl.     Ebullition  ccamss  almost  immedi* 

Wtmlj;  but  if  colil  waUt  bo  now  pourotl  ovur  th«  vcwtol,  or,  better 

If  ioo  bo  a[^lio(l  to  it,  tlie  litjuid  a^in  begins  to  boil,  aod 

lUM  to  do  M  (or  a  considerable  time:.     Thia  fact  may  easily  be 

:  tlis  contact  of  thfi  cold  wat«r  or  the  ice  lowers  the  t«m- 

n  and  [nvHsure  of  the  steam  in  the  flask,  and  the  decreaw  of 

i«  caoies  the  renewal  of  ebullition. 

387.  Det«nninttioB  of  HeiKht«  by  Boiling-point — Just  as  we  can 

lina  the  Ifoilinj^-point  of  water  when  the  extt-nial  pressure  is 

I,  to.  if  tbs  boiling-point  be  known,  wc   can  dcttsnninc  the 

.1  premure.    In  either  case  we  have  simply  to  refer  to  a 

of  maximum  preasares  of  aqueoua  vapour  at  diflerent  tem- 

.tires. 

Aa  the  mercurial  barometer  is  essentially  unsuitable  for  portability, 

olUrton  propceed  to  substitute  the  observation  of  boiling-points 

n  moans  of  determining  pressures.     For 

puTpoM  he  emptoy^s]  a  tbeni)rH»i.-tGr 

m  largs  bath  an*)  with  a  scale  of  very 

dsgiw  finely  subdivided  extending 

[laly  a  few  degress  above  and  below  100^, 

n»  GsOed  tUs  inttrument  the  horumotrto 

UNfiBonMnsr. 

Bsgnault  ha«  conittrueted  a  small  in»tru- 
n«t  for  the  muuo  purpose,  whirh  he  calN 
tbt  hyptnmeler.      It  comiata  of  a   little 
iMiltr  healed  by  a  npirit-larop,  and  termi- 
Miag  in  a  teleaoope  tube  with  an  open- 
^[  It  the  ride  through  which  the  steam 
L     A    thermometer  dips    into   tlio 
and  projecta  through  the  top  of  tiie 
■0  an  to  allow  the  temperature  of  "bul- 
(o  be  read. 

ii  temperature  at  once  gives  the  atnto- 

presaure  by  reference  to  a  table  of 

prawunw.  and  tlie  subsequent  coni- 

for  deliniiining  the  height  ore 

ne  as  when  the  barometer    is  cm- 

(§  213). 

only  an  approximate  result  ia  desired,  it  may  be  assumed 
.«  height  above  sea-level  ia  semihly  proportional  to  the  ditl'or- 


EBULLrnoy. 

«1M  btiween  the  obscn-cd  boiling-point  and  100*  C,  tad  Sont'i 
fonnaU'  nmy  be  employed,  viz.: 

Asaes  (100-0, 

where  k  U  expressed  in  metres  and  i  in  degrees  CeoUgnda. 

Thus,  at  Quito,  where  the  boiling-point  of  water  is  aboat  SO*!', 
the  height  above  flea-level  would  be  D'9  X  295=2920  metres,  wtiidi 
agrees  nearly  with  the  true  height  2808  nii-tnM. 

At  Madrid,  at  the  mean  pressure,  the  boiling-point  is  97'8°,  whteb 
gives  2'2x2d5=64(l  metres;  the  actual  height  being  610  notrto. 

888.  Papin'B  Di^iter. — While  a  decrease  of  pressure  lowvn  tlit 
boiling-point,  an  increase  of  pressure  raises  it.  Accordingly,  by  [Ml- 
ting  the  boiler  in  communication  with  a  reservoir  containing  air  it 
th«  pressure  of  several  atmospherea,  we  can  raise  the  b<Ml)ttg-poiat  lo 

110',  115*.  or  ISO';  a  iwall 
often  of  great  utility  in  llw 
arts.     But  in  order  tluU  tht 
liquid  may  actually  <uit«ir  Jsh) 
ebullition,   the    ^taoff  afawv 
the    liquid    must    be  nfl^ 
eiently  large  and  cool  to  d 
low  of  the  condanialioB  d 
the    steam.      lo   •  ooolBi' 
vessel,  water  may  be  ami 
to  a  higher  tcuperatun  ika 
would  bc|>0Mible  intlxiiiia 
air,  but  it  will  not  boiL  TUa 
is  the  case  in  the 
invented   t^  the 
I'apin,  and  called  aftM  U* 
ruinn's    digester,      ll  i»  • 
bronze      veasel     of     ft^ 
strength,  covered  witk  •  ^ 
secured  by  a  jiowt-rful  scnjw.     It  is  employed  for  nusii^  nWV 
very  high  tenii>oi-alures,  and  thus  obtainiii;^  cDects  which  wuoldl^ 
be  possible  with  water  at  100°.  such,  for  example,  as  disaolTiog  At 
gelatine  contained  in  hones. 

It  is  to  be  observed  that  the  pressure  of  the  at«am  inrnawM 

*  II  &  b*  »KVW«i  la  (Ml,  and  1 1«  degt*m  F*ki««helt,  th*  Infumla 

AcEsstna-n. 
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jntl  of  the  stopper  io  be  1  square  inch,  and  tiiftt  tliv  prcasur* 
exceed  10  atmoepherea,  corre^randing  to  a  t«inp«ratiire  of 
16  tDagnitude  and  position  of  the  weight  are  so  arranged 
pmsBoro  on  the  hole  is  10  times  15  pounds.  If  the  tension 
exceed  10  atmospheres,  the  lever  will  be  raised,  the 
MCBpe.  and  lliu  pro-sstiri:  will  thus  bo  relieved, 
the  prvsturu  of  the  8t<-ain  contained  in  the  digester  has  he- 
rn, if  the  lever  be  raUed,  so  as  to  permit  some  steam 
nuhes  oot  with  a  loud  noiae,  and  prodnoes  a  cloud  in 
On  placing  the  band  in  this  cloud,  scarcely  any  sensation 
is  experienced,  whereas,  on  p(;rforming  the  same  L-xpcrimvnb 
at  the  ordinaiy  pressure,  the  hand  would  certainly  be 
This  apparently  paradoxical  result  is  explained  by  the 
do*  to  expansion.  The  steam  fomutd  at  100',  tx^ng  at  atmo- 
pranora,  preserves  its  prewure  and  temperature  on  is-suing 
I  ftir.  On  the  other  hand,  the  steam  generated  in  Papin's 
r  has  a  pressure  greatly  excoe-hng  that  of  the  atmosphere, 
bordingly  expands  rapidly  upon  it«  exit,  and  thiu  performs 
forcing  back  the  uxtonuJ  air.  The  perfonnatice  of  this 
I  Bcoompaniod  by  the  lotw  of  on  equivalent  quantity  of 
id  the  teraperature  of  Uiv  jet  is  con«equ«ntly  oonfiidcrably 

rBoiling-point  of  Saline  Bolutions. — When  water  holds  saline 
in  solution,  the  Iwiling-point  rises  as  the  proportion  of  saline 
It  the  water  inareaaea.    Thus  with  aearsalt  the  boiling-point 
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point  wiUiout  Any  deposition  of  tlie  salt,  until  all  at  ouoe  precipiU- 
ttoa  begins,  tad  the  thermometer  falls  several  degrees. 

The  steam  emitted  by  saline  solutions  oonsiats  of  pure  wahir,  uil 
it  is  frequently  asserted  to  have  the  same  temperature  as  Um 
of  pure  water  boiling  under  the  same  pressure;  but  tb« 
of  Uagnos  and  othoni  hav<;  stiown  ttuit  tbis  a  not  tlM  cau>  WnglP*^, 
for  example,'  found  that  when  a  solution  of  chloride  of  calciuin 
boiling  at  107°.  a  thcniii>m<:t«r  in  the  stvam  indicated  105}',  and 
when  by  concentration  the  boilin;^>point  had  rL»en  to  116°,  the  thn 
moDieter  in  the  steam  indicated  1 1 1'2°, 

ThMO  and  other  obserrations  seem  to  indicate  that   the  i^Umo 
emitted  by  a  saline  solution  when  boiling,  is  in  the  condition  in  wliMi 
the  steam  of  pure  boiling  water  would  be,  it  heated,  under  atoio- 
^heric  pressure,  to  the  (ompuraturu  of  Uio  boiling  solution.     It  can 
therefore  bo  cooled  down  to  the  boiling-point  of  pure  water  wiUmmI 
undergoing  any  liqui-fnctiou.    When  cooled  to  this  point,  it  betuma 
saturated,*  and  procinely  rcsi-mbleH  the  st««m  of  pure  water  boiling 
under  the  same  pr«asure.     'When  saturated  stoam  Iowa  heat,  it  da* 
not  cool,  but  undergoes  partial  liquefaction,  and  it  dix-s  not  hnxar 
oompletely  liquefied  till  it  has  lost  as  much  heat  as  would  have  axM 
more  than  a  thousand  times  its  weight  of  superheated  steam  am 
degree  Centigrade, 

S90.  BoiUsg-poist  of  Liquid  Mixturea— A  mixture  of  two  liqvtk 
which  hftvo  an  attraction  for  each  other,  and  will  ili-woh-u  eachodics 
freely  in  all  proportioiu — for  example,  watvr  and  aloobol— Iw   • 
boiling-point  iiitennediate  between  those  of  its  oonfltttueot&    Bofc  ■ 
mechanical  mixture  of  two  liquids  between  which  no  aohrsDl  Mtixa* 
takes  place — for  example,  water  and  sulphide  of  carbon — has  a  UtliHi0' 
point  lower  than  either  of  its  constituents.     If  steam  of  waur 
passvd  into  liquid  sulphide  of  carbon,  or  if  sulphide  of  carboo  rtpe^W 
ia  passed  into  water,  a  mixture  is  obtained  which  boils  U  Ht  ^^ 
being  four  dcgrc«.t  lower  Uian  tlic  boiling-point  of  sulphiil<^  of  taA^* 
alone.     Thiii  apjiorent  anomaly  \h  a  direct  consequence  of  Uw  it^* 
of  vapours  stated  in  §  370;  for  the  boiUng-point  of  mich  a  nixW 
is  the  temperature  at  which  the  sum  of  the  preasons  of  tin  tin  iv 
dependent  vapours  ia  equal  to  one  atmosphere. 

391.  Difficulty  of  Boiling  witboat  Air. — Tliv  presanoe  of  air  in  tbr 
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miiLit  of  tlio  liquid  iitiuw  is  a  neivAHnry  condition  of  rogulBritj  of 
ebullition,  and  of  ite  jiroduvtion  at  tin?  tiumiHl  tviDpenituK;  this  ia 
«bawa  by  sevenl  conviodng  cxperimeotA. 

1.  Donnjfa  Sxperiment—We  take  a  glai«  ttil-;  W-nt  twice,  and 
taminaled  at  one  of  its  extremities  by  a  series  of  bullw.  The  first 
stop  b  to  wash  it  carefully  with  alcohol  and  ether,  fiiuilly  leaving  ia 
it  aome  diluted  sulphuric  add.  Thew  t^xirationa  are  for  tJic  purpoee 
of  removing  tfa«  solid  {wrticles  adhering  to  tlie  sides,  whidi  always 
dotaio  portiuns  of  air.  Water  is  then  intioduood  and  boiled  long 
eooogb  to  expel  th«  air  dinolved  in  it,  and  while  ebullition  is  pro* 
oaediog,  the  end  of  tho  ai^iaratua  is  hermetically  waled.    The  other 


1%  tat-aaBur*  ri>wf  ■!. 

"Zltciaity  i»  now  jiliiu^'ed  in  a  strong  aolutiun  of  chloride  of  caldum, 

whica  has  a  rery  high  Loiling-point.  and  the  tube  is  so  placed  tJiat 

I  ^  till  water  shall  lie  in  this  extremity;  it  will  then  bu  found  that 

I *)>•  Irapetmture  may  be  raised  to  IS-')"  without  pro<hiciiig  ebullition. 

At  tboui  this  tempvratiira  bubbles  of  stuuii  are  »xn  to  )xi  formed, 

'  *^  lbs  entirtr  liquid  mass  is  ttirown  forward  with  gn-al  violeiKc 

I  *^  bdlM  at  tlid  end  of  the  tube  are  tnt«udvd  to  diminish  tite  shock 

*^ptwlueed. 

t  Ou.fcnu't  KxptriMRmt. — Thli  exp<rrinient  ia  still  more  deeisiva 

Aaiztura  of  linaeed-oil  and  oil  of  cloves,  whumi  respective  duiisitice 

jkatlKMit-BSand  1-01,  is  bo  prepared  tliat,fort«mporatunNt  near  100*. 

■lUdanstty  of  the  whole  is  nearly  that  of  water.     TIiIm  mixture  is 

|f4esd  tn  a  cubical  box  of  nheet-irun,  with  two  Iioli^a  opixjHiti;  eadi 

r.  whidi  are  filled  with  gloss,  bo  as  to  enable  ilie  ultserver  to 
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perceive  what  ia  pafising  withio.    The  box  is  pUoed  in  A  neUlUe 
envelope,  wliich  permita  of  its  hoing  heftted  laterally.     When  li» 
toinponitiin;  of  ISO^huboenreochcd,  a  large  drop  of  water  U  allowed 
to  full  into  thi>  mixture,  whicli,  un  rcflclung  tho  bottom  of  the  box, 
is  pnrtially  converted  into  vapour,  and  breaks  up  into  a  number  of 
smaller  drops,  Mm«  of  which  take  tip  a  po»iUon  between  the  two 
windows,  so  an  to  ho  vtsiMe  to  the  ohttcrver.     The  temporaturo  avf 
thenbeiaiaed  to  140*,  150°,  or  even  180*.  without  producing  evapon- 
tion  of  anj  of  these  dropa.     Now  the  maximum  tension  of  Ktean  at 
ISO*  is  efiunl  to  10  atmoapherca,  and  yet  we  have  the  remarkabU 
phenomenon  of  a  drop  of  water  remaining  litftiid  at  iitis  t^unpcratun 
under  no  other  pressure  than  thut  of  the  external  air  increased  b^n 
inch  or  two  of  oil.     The  rca^wn  is  that  tJic  air  ncocsMary  to  t-x-apora- 
tion  iit  not  .supplied.    If  tht;  dru{)n  l»e  touche<l  with  u  rod  of  mrtaL 
or,  better  still,  of  wood,  tliey  are  immediately  converted  into  vapoar 
with   great   x'iolence,  accompanied   by  a   peculiar   noise.     Thi*  ii 
explained   by  the  fact  that  the  rods  used  alwaya  carry  a  crrtaia 
quantity  of  vondeii»od  air  upon  thoir  8urfae«\  and  by  means  of  tim 
air  the  o\'aporation  is  produced.    l*he  truth  of  litis  exptanatica  ii 
proved  bj  Uie  fact,  that  when  the  rods  have  been  used  a  certsia 
Diimlwir  of   timet),  they  lose  their  power  of  provoking  ebutlitida 
owing,  no  doubt,  to  the  exhaustion  of  the  atr  which  waa  adherinf  to 
their  surfacesL 

3.  Prodvctwn  o/  Sbuililion  6y  tJte  formation  of  Svbblta  iff  S»» 
in  the  mUtst  u/  a  lAquiri. — A  retort  ia  carefully  washed  witka 
sulphuric  acid,  and  tlicn  cliarged  with  water  slightly  acidtttat(d,fi 
whicli  the  air  1ia»  Itccn  expelled  by  rvpc«t«d  boiling.  The 
communicates  with  a  manometer  and  with  an  au>pump.  Tliipair 
oxhautt<-d  until  a  pre-tsureof  only  150  millimetrea  i»  attained, 
^smdiiig  to  OO*  aa  biiiling-poinL  Dufour  haa  shown  tliat 
theae  eooditions  the  temperature  may  be  gradually  taiwd  la  7 
without  producing  ebullition.  But  if,  while  things  ktv  in  this 
dition,  a  current  of  electricity  in  sent  through  tlie  liquid  by  neua  ^ 
two  platiniin]  wires  previously  immersed  in  it,  the  babbles  of  exjff^^ 
and  hydrogen  which  are  evolved  at  the  wiros  immodiatoly  pwhf 
violent  ebullition,  and  a  portion  of  tlio  liquid  fa  prc>j«ot«(l  axpW*^' 
ax  in  Donny's  experiment. 

I->om  th««e  experiments  we  may  eonetude  that  liquid,  wbsB  irt 
ill  contact  with  gas,  has  a  difficulty  in  making  a  beginning  ol  Jtff' 
imtion,  and  may  henoe  remain  in  the  liquid  state  even  at  ttiapsn- 
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ioisbed.  In  these  eircumstaooc*,  it  would  appear  that  the 
ici&l  layer  of  liquid,  which  ia  in  contact  with  its  own  \-apour. 
ooljr  part  tJiat  is  f r^  to  vaporize. 

t  precadiug  nsninrkN  cxpltiiu  tho  relnctance  of  u'at«r  to  boil  in 
treasela  carefully  waslicd,  and  tlw  peculiar  formation,  in  these 
latanoua,  of  large 
M  of  sttiam,  caua- 
hat  ia  called  Imii' 
bumpimg.  Id 
of    sulphuric 

6 phenomenon  ts 
9«  nsrkod;  if 
^  be  beilixl  in 
I  nm«l,  vnormous 

I  are  formed  at  the  atdee,  which,  on  account  of  the  vucous 
of  the  liquid,  raise  the  niaas  of  the  liquid  above  thcu,  and 
let  it  (all  hack  with  such  violence  as  winietJDtes  to  brcnk  Utc 
This  incunvLmicnce  may  be  avoided  by  using  an  annular 
(Fig.  S53),  by  lueaos  of  which  the  upper  paxt  only  of  tlie 
b  heated. 

ebuUiUoo  of  ether  and  alcohol  presents  some  similar  features. 

ily  because  tlicse  liquids  diasolvo  tho  fatty  particles  on  the 

of  the  fi\am,  and  thuH  udhcru  to  the  sides  very  strongly. 

Sphtroidll  8ttt«; — Tliis  in  tlic  name  <;ivoQ  to  a  peculiar  oon- 

^  which  t»  omuraed  by  liquids  whvn  vxjKiscd  to  the  action  of 
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150°,  tb«  drop  nssumcs  a  Bphi.'roi(lal  fonn,  rolls  sbont  Itko  a  ball  or 
spins  oa  its  axis,  and  frcqtieally  oxhibits  &  buuiitiful  rippling,  m 

n.'pn.wi<nt«<l  in  Um  li^re.  Wl^ 
in  this  condition,  it  e\-apoTat«i 
luueh  more  alowly  than  when  tit* 
plate  wati  at  a  lower  t«inperatun. 
Tliis  latt«r  circumBtauce  is  b»- 
portnat,  and  is  casilj  wrificd  \rf 
Kxporiini'nt  It  tho  plate  b 
iilltiwcd  to  cool,  a  moment  arrira 
wlitn  tJte  globulo  of  wat*-r  flit- 
lena  out,  and  boili  rapiilly  awy 
with  a  hlsHing  nmae. 

These  phenomona  have  bna 
loD^;   known,  and   went  stmlixl 
by   r^'idfofroBt  and    Rlapnlk; 
but  thvifiibjeot  has  recently  bwo 
more  completely  inveaUgatcd  by  Bouttgiiy.    All  licjuidii  aro  probib)^ 
Gt^blo  of  assuming  the  ephei-oidal  state.     Among  those  whidi  h>^f 
been  tested  arc  alcohol,  ether.  liquid  sulphuroua  add,  and  li^uiJ 
tutrom  oxide.     Wlicn  in  this  state  thoy  do  not  boiL     Somvtaun 
bubbles  of  nUMUi  arc  st-en  to  rise  and  burst  at  tho  top  of  the  g\Mt. 
hut  tJiow  arc  alwayii  owing  to  eome  roughneaa  of  Uic  surface.  vUct 
prv^vcnte  the  Rt««im  from  escaping  in  any  other  way;  when  t^tf- 
faoo  is  smooth,  no  bubble  ar«  observed. 

If  the  t'^inprrature  of  the  liquid  be  measured  by  meaoa  of  a  Ibr 
mometer  with  a  very  small  bulb,  or  a  tlienno-eledrie  juadi>».it  I* 
alwaya  found  to  be  below  the  boiling-points 

393.  Freesing:  of  Water  and  Henary  in  a  Red-hot  Ondtk- 
This  latter  property  enables  us  to  obtain  some  very  striking  "^ 
paradoxical  re^ulta.  The  boiling-point  of  liquid  snIphurotH  u*! ' 
—  10'  C,  and  tliat  of  liquid  nitrous  oxide  iii  about  — 70*C  H* 
ailvcr  or  platinum  crucible  bo  heated  to  redncM  by  a  powrtfal  li# 
and  wma  liquid  sulphurous  add  be  then  poured  into  it,  tlii»  litf 
aHames  the  sf^eroidnl  .state;  and  dro{M  of  water  let  fall  upenittf 
immediately  frozen.  Mercury  can  in  like  manner  be  frozea  inaT^ 
hot  crucible  by  employing  liquid  nitrous  oxide  in  tbe  apluniU 
state. 

These  cxperimciil«  are  due  to  Boutigny,  who  called  attantiaB  U 
them  as  lemarkablo  exceptions  to  tlie  usual  tendency  of  bodiM  M 
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of  tern pcrnt tire     The  cxcvptiuti  is  of  the  same  kiiul  lut 
e»ent«d  bj  a  vessel  of  w&ter  boiling  «t  a  conatAiit  t«mi>crature 

over  a  hot  fire,  the  heat  received  by  th«  liquid  being  in  both 
Kpendecl  in  producing  evaporation. 

Tlia  Ibtal  aot  in  Coatoct  witli  the  Liquid. — The  boHts  of  thu 
theory  of  ti<iuid8  in  tltu  sphcrui<hil  etate  ia  the  fact  tliat  Uie 
uul  tb«  tnfttol  plate  do  not  «univ  into  contact.  This  fact  can 
rad  by  direct  observation. 

plate  tued  must  be  quite  smooth  and  accurately  levelled. 
the  plate  is  h«at«d,  a  little  water  is  poured  upon  it,  and 
i  tbe  iipberoidal  aUte.  By  meona  of  a  tine  platinum  wire 
paaMS  into  the  globule,  the  liquid  is  kept  at  the  centre  of  the 
plate.  U  is  then  very  easy,  by  placing  a  light  behind  the 
■,  to  see  distinctly  Ute  spoou  between  tlie  liquid  and  tlie  plata. 
pearance  thus  presented  may  be  easily  thrown  on  a  scriKin  by 
of  the  electric  light 

iotemiption  of  contact  can  also  be  proved  hy  connecting 
^a  galvanouietcr)  one  pole  of  a  battery  with  the  hot  plate, 
Mire  front  the  other  pole  is  dipped  in  the  liquid.    The  cur- 
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to  circulate  if  tht;  liquid  is  in  the  spheroidal  state,  biit  is 
\j  dlabUahed  when,  on  cooling  the  plate,  the  liquid  begins 


008  attempts  have  been  made  to  account  for  the  absence  of 

I  bctwpcn  the  liquid  and  the  metal,  but  the  true  explanation 

It  uncurtain. 

OMfuence  of  the  separation,  heat  can  only  poaa  to  the  globule 

(ation,  and  hence  its  comparatively  low  temperature  is  ac- 

Ifor. 

khMOoe  of  contact  between  a  liquid  and  a  metal  at  a  high 
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temperature  ma;  he  xhown  by  several  experimeoto.  If,  for  i 
BbaJl  of  plutiiiiiiii  W-  iirattKl  to  brif^trednesSt and  plunged  (Fig. 
ioto  vrater,  the  liquid  is  seen  to  r«cede  on  adl 
leaving  an  envelope  of  vapour  round  tlie  ball 
latter  reomins  red  for  several  seconds,  and  contact  don 
not  tuke  pluco  till  iu  t«ni{>eralure  baa  fallun  to  about 
150°.  An  active  ebullition  then  takes  place,  aiid  an 
abumknce  of  »tea.m  is  evolved. 

Profcisor  Barrett  bos  obtained  a  tnoro  atriking 
eflect  of  the  same  kind  by  lowering  a  red-hot  ball 
of  iron  into  the  soapy  liquid  known  as  "I'iateau't 
solution." 

If  dropa  of  mvltcd  su^ar  be  let  fall  on  water,  tlivy  will  float  fora 
abort  tiiuc,  though  tbcir  dumuty  is  greaUir  tlian  tliat  of  water  (!J  1^)> 
eontaot  being  prevented  by  tlicir  high  teinpnrature.    A  ainiilar  pb*- 
nomeooo  U  ob3ervi-<I  when  a  fragment  of  potasaium  in  thruwn  on 
water.     The  water  ia  deooiiipcsed ;  its  hydro^fcn  takes  tire  aod  b«n> 
with  a  red  flame;  its  oxygen  combines  witli  the  potassium  to  fcnt 
potash;  and  the  globule  of  potash  floats  upon  the  surface  williual 
touching  it,  owing  to  the  high  temperature  under  whidi  it  is  foraed 
ATter  a  few  acoonda  the  globule  cools  sufficiently  to  coine  iotoeea- 
tACt  with  the  water,  and  burets  witi]  a  slight  noise. 

39S.  Distillation. — Distillation  consists  in  boiling  a  Uqwl  uJ 
condensing  the  vapour  evolved.     It  enables  us  to  separato  a  BqM 
from  the  solid  matter  dissolved  in  it,  and  to  effect  a  partial 
tioa  of  the  more  volatile  cuiiutituent  of  a  mixture  from  llw 
volatile. 

The  apparatus  employed  for  thia  purpose  ia  called  a  stflL    0^^ 
the  simpler  fumu,  ituitablu  for  distilling  water,  )»  shown  in  ¥ig.Vf 
It  coniiintJit  of  A  n-tort  a,  tlie  neck  of  which  e  coii)munieate>  vitl 
Bpiral  tube  dd  called  the  worm,  placed  in  the  vessel  e,  which 
cold  water.   Hie  water  in  the  retort  is  raised  to  ebuUitioa.tlw 
given  olf  is  oondmsed  in  the  worm,  and  the  tHttUUd  vxUtr  ht^ 
lectod  in  tlie  vessel  g. 

As  the  condeiiMatJon  of  tiie  steam  proe««d«,  tlie  water  of  the  cn^ 
boeomes  heated,  and   must   be  renewed;  for  this  purposa  a 
daacsnding  to  the  bottom  of  the  cooler  is  supplied  with  a 
■treant  of  cold  water  from  above,  while  the  superfluous  water 
out  by  the  tube  t  at  the  upper  part  of  the  cooler.     In  this  way  lb 
warm  water,  which  rises  to  the  top,  is  continually  removed.    Tla 
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il  fflM  about  thrM^narten  full.uul  the  w«t«r  in  H  cu  froin 
D  Unw  bo  renowed  b^  the  oponuig/;  but  it  in  advisable  not  to 
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tbe  prooMior<li«tillfttioii  too  fnr.nn']  to  throw  awAy  tho  liquid 
tiag  in  th»  boiU-r  when  its  volume  hns  bi>t.'n  reduced  Ui  a  fourtlt 
ftJi  of  what  it  wtu*  originally.  By  cxc«e<ling  this  limit  wo  run 
ik  of  inipitirin;^  thi>  jiurity  of  tll<^  wiit^r  by  tho  carrying  ov«ir 
W  of  thr  HiiVfi  iii&tii^r  i-ontaiiicd  in  the  liquid  in  the  tioiler. 
,  OiKaustances  wbioli  InSnence  Rapidity  of  Evaporation. — In 

tf  n  lif]uid  expotwd  to  tht-  air,  and  at  atinosplu-ric  totnpera- 
npidity  of  evapomtion  incrcaNo-H  with  the  cxU-nt  of  free 
•,  Die  diyncAi  of  llio  air,  and  tlie  mpidity  of  renewal  of  the 
Inadiataly  above  tlie  surface. 

Am  cmo  of  a  liquid  evaporated  by  boiling,  the  quantity  eva]w- 
!b  s  given  time  ia  proportional  to  the  heat  received.  This 
3a  irpoo  the  intensity  of  the  source  of  heat,  the  facility  with 
hnat  paasea  through  the  side*  of  the  vessel,  and  the  area  of 
0  mtr/aee,  tliat  Ij*  to  say,  of  KUrface  (or  more  proporly  lainina) 
ii  in  cootact  witli  the  liquid  on  one  Hide,  and  with  tlie  Houroe 
tbfl  other. 
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897.  Preeanre  of  Aqueous  Vaponr. — Tho  knowledge  of  the  loudimBi 
pressure  of  the  vapour  of  wfttt- r  at  various  tampentures  is  unpartant, 
not  only  from  a  thcorvtienl,  but  aIho  froni  a  practjcal  point  of  vie-K, 
inasmuch  as  thi.H  pressure  is  the  iiioUvc  force  in  Uiu  stuam^cngiBCi 
Experiments  for  detentiining  it  have  acoordiugly  bwa  nadoftalui 
by  itevcral  expcriDienU^rs  in  different  oountrioB.  The  nmucbca 
ducted  by  RegnAult  are  especially  remarkable  for  the  nuig«  ot 
peraturo  which  they  embrace,  att  well  as  for  the  number  of  obaarmi 
tions  which  they  iiicltidc,  and  ilie  extmno  procwion  of  the 
employed.  Next  to  Uicm)  in  iuii>ortAnc«  are  Uiv  oxp«ritB«ito  a 
Magnus  in  Oennany  and  of  Fairtairn  and  Tate  in  Kngland. 

898.  Dalton's  Apparatus. — The  first  investigations  in  thu  n\inl 
which  have  any  prL-tensions  to  accuracy  were  those  of  DalML  IV 
apparatus  which  ho  employed  is  rcprcoeatwl  in  Fig.  25K  Tim  h» 
metric  tubes  A  and  B  are  inverted  iu  tho  nme  cist^-m  U;  oos  i(* 
ordinary  barometer,  tho  other  a  vapour- faaroinotcr;  that  is,  a  bw 
meter  in  whicli  a  few  dropa  of  water  Imve  been  pUMd  up  tknM^ 
tliQ  mercury.  Hie  two  tubes,  attached  to  the  support  C 1).  snO' 
rounded  by  a  cylindrical  ^lass  vessel  containing  water  whidiaala 
raised  to  different  tcmpentures  by  means  of  a  tire.  The  KntOf 
is  to  fill  the  vessel  with  ice,  and  then  read  the  dilTervnm  of  kvdrf 
tho  mercur)-  in  the  two  tubm.  This  can  bo  dotut  by  ai-paiatiflic  A* 
fragiiu;nt«  of  ice.  Ttie  ditTvreDCe  tJiua  observed  is  the  jirmmd 
aqueous  vapour  at  zero  Centigrade.  The  ice  is  tlieo  repJamI  tf 
water,  and  the  action  of  the  fire  is  so  regutabed  as  to  gin  diAs«l 
temperatures,  ranging  between  0°  atkd  lOO"  C,  ea^  of  whidi  ■  ^ 
served  constant  for  a  few  minutes,  tbo  wator  beil^  at  the  aaiM  te 
well  stirred  by  mr^ns  of  the  agitator  pq,  ao  as  to  insora 
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pn»tura  throQghout  tlie  whole  [iiksx.     The  difibrencc  of  ]«v«l 

two  bwometers  is  mad  otl'  in  each  case;  luid  «-»  have  thus  the 

uf  ooiutnicting.  iviUi  the  aid  of 

iml  or  nuiDtrical   intcrpolatitnt, 

pleto  tablv  uf  vapoiir-pn»u>uroa 

<*  to  100*  C.    At  or  about  thU 

t«B)|>erature  the  mercury  in  the 

"■barometer  falls  to  the  lovi;)  of 

l«ni;  and  th«  method  in  thero- 

applicsble  for  higher  tcDipera- 

j^uch  a  tabic  vrim  coiuttnict«d 

Begnaolt'a  Modiflcationi. — Dal* 
wthud  hsA  several  'lefecta.  In 
rt  pUi-c,  it  is  inipoAbihIe  to  in- 
hai  tbe  temperature  shall  be 
rhnw  the  sauic  in  a  column  as 
I  tluU  which  in  formed  by  tlio 
fO*,75*,aiul  higher  t«niiMir»* 
the  second  place,  them  is 
deal  uf  uncertainty  in 
ing  the  diffcrttnou  of  level 
h  tlM  aidM  of  th«  cj-lin<lrtPAl 
mmL  Begnaalt  eiu]ili>vi-d  tWm 
I  only  up  to  the  tvnifxtntitiv 

C.     At    (Mh    tem]K-niture    the 
« nf  tlie  vapciur  i^  only  about 

Bkotrea  (iitat  than  i  inches)  of  mercury,  and  it  is  thus  un- 
rj  to  hf-nt  t)if  baroUMiten  throuf;}iout  tJiuir  L-ntin.-  length, 
provod  apjwmtus  is  rcpn«ent«d  in  Fig.  2.i!(.  The  two  bar^ 
tobat,  of  an  interior  diameter  of  H  millimetreH,  traverse  two 
I  the  bottom  of  a  metal  box.  In  one  of  the  nidi^n  of  tlie  box 
popeninff  oltised  vith  plate-glaas,  through  which  the  necessaiy 
itiona  can  be  made  vrith  great  accuncy.  On  account  of  the 
m  of  the  Uqutil  column  it  was  very  easy,  by  bringing  a  splrit- 
'itbin  (UtTiiruot  tUstaucos  of  the  box,  to  maintain  for  a  suffi* 
ma  any  t«mp«catur«  belwMD  0"  and  50°  C. 
aSatnto  of  larol  between  the  two  mercurial  oolunins  should 
leed  to  0*  C  by  the  ordinary  correction.  We  should  also  take 
midvr&tion  the  short  oolumu  of  water  which  is  above  the 
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miTCiiry  in  thv  viipour  ljaroniet«r,&n<]  whkb,  by  its  weight, 
a  JupreMtion  tlmt  may  evidently  be  expressed  in  mercur)-  by  di 
tlie  Imiglit  of  tlie  column  by  13'59, 
To  adapt  this  apimxutus  to  low  ti'iiii>i-mturG«,  it  is  modifisd  ia  tbt 

fuUuuiiig  wny.    Th« upper «xlt»- 
mily  of  the  vapour  barotoetur  tsfat 
is  drami  out  and  connected  uiUi  4 
small  coppertubcot'  throe  hrancl»». 
one  of  whtcb  communicstea  «ril^ 
Ml  air-pump,  and  auotlior  witti  > 
gliuts  glolx)  of  tliu  capacity  of  aluisl 
&00   cubic  ovntinitttrui;.      Ia   tlw 
interior  of  thU  globo  iit  a  «m1I 
bulb  of  tliin  glass  vuutauitagwaMr, 
from  which  all  tiie  atir  hu  Iwo 
fixiwlled  by  boiling.    Hie  ghht  u 
svvvral  times  exhausted  of  atr.aod 
aftvr  uicb  cxhauDtioa  is  nfilM 
with  air  which  has  been  paavJ 
ov«r  dmccating  substanoea  Afbr 
the  laiit  exhau&tioD,  Uta  tabs  wU 
establUhea    coiuiaunkatioii 
till.'    air-  pump    ia 
^c^vk'd.  the  box  ia  fillfld  vitb  m 
tmd  tlto  pruetnire  at  Ben  of  ^ 
ilry  air  left  behind  Is  tlw  |^ 
by  the  air-pump  in  mnwiiraJi^ 
ia  of  oounw   axeoediagly  1^ 
lliMtt  is  then  applied  to  the  gh^ 
n»t» -itodmBii-^nuitfMtoB'diqimUm   the   little   bulb   barsta,  lad  Al 

globe,  tug«lh«r  with  tlit  fp* 
above  the  mercury,  is  611eci  with  vapour.  Thia  fonn  of  a}^*i<* 
can  also  bu  employed  for  temjieratures  up  to  50*,  Ute  only  dlfiilM 
bring  tliat  Uie  too  is  replaced  by  water  at  ditTonint  Unqivnw* 
allowanci-  tx-ing  mode,  in  ead)  case,  for  the  uUutie  fopM  at  tto 
utiexhauMtit]  air. 

In  th«  caao  of  tviiipt^ratures  below  xero,  tbe  box  b  Bo  lcii|4 
reqxiired,  and  the  globe  alone  is  ptoeod  in  a  veasel  containing  k  fn* 
ing-mixture.  The  barometric  tubca  are  vuiTOuoded  by  the  air  of  lb 
apartment. 


BBONAULfs   liKTIIDD& 


373 


Bn  iliis  ease  the  apace  occupied  by  the  vapour  t.-<  nt  two  dilTereDt 
Bipemtuna  in  dtflerotit  p&rU,  but  it  b  evident  tlmt  equilibrium 
■I  oxist  only  wlicn  U>e  prcasiire  is  tho  sanio  throughout.  But  tb« 
pnMVni  of  tJ)«  >'np(>iir  in  the  gluljo  can  ncwr  cxcvvd  t)ie  maxiinuin 

rira  fur  tb«  actuftl  temperature;  tbls  tiiu»t  thvi-cforc  be  tb«  pres- 
Lbniughout  the  entire  sp&ce,  and  is  comequontly  ihiit  which 
pomBpoods  to  the  diScrence  of  level  observed. 
_ln  reality  what  happens  is  as  follows: — The  low  temperature  of 
W  l^ba  cauMW  iKime  of  the  vapour  to  coodeusa;  equilibrium  is 
HaequcnUy  deiitroyod,&  fr«ttli  qiiniitity  of  vnpotir  is  produwd.  enters 
K  globe,  and  ia  thero  coodun.'MMl,  and  so  on,  unUI  the  prvesuix;  is 
f^tywheni  the  aame  as  the  maxiraum  prctwurc  duo  to  tlic  tcmpeni- 
ttire  of  the  globe.  Thta  cotideiL'iation  of  vapour  in  tlie  cold  part  of 
tt«  space  was  utilized  by  Watt  in  the  sleaiu-engiutf ;  it  is  the  prin- 
ftlr  e/tAa  condenaer. 

^before  Regnault,  tifty-LuK>KC  had  alrea<ly  tumt'<I  tliis  principle  to 

Kount  in  a  similar  manner  for  the  [neaourctiient  of  low  t«<iii])oraturcH. 

By  using  chloride  of  calcium  mixed  with  snccesttively  iiicn.*Asing 

(^itantilii-a  of  snow  or  ice,  the  temperature  can  be  brought  as  low  as 

-32'  C.  (  —  35-6*  F.),  and  it  cs3i  be  shown  that  the  presAure  of  the 

npoar  of  water  is  quite  appreciable  even  at  this  puiuL 

400.  MeasurciBcnt  of  Preaturas  for  T«mperatures  above  SO*. — In 

nvMligating  the  maximum  pressure  of  the  vapour  of  water  at  tein> 

'  (mtsra  above  90*,  Ki-gitault  made  use  of  the  fact  that  the  preasuro 

at  tho  steam  of  bwUng  wat^rr  Is  equal  to  the  external  pressure. 

Uii  appatatoa  consists  (Fig.  SCO)  of  a  copper  boiler  containing 

which  can  be  raised  to  diirercnt  tenipuraturvs  tndicateti  by 

'  iklittto  thennOiiH'teni.    Tlit*  vapour  produced  passes  tlirough  n 

inclined  upwards,  which  is  krpt  cool  hy  a  constant  currvnt  *.f 

r;  in  tliia  way  tlio  cxpi-riuiciit  can  U-  (■oiitiiiucJ  for  any  len^jth 

lliiiw,aa  the  vapour  fonned  by  ebullition  is  condeiisetl  in  the  tuU*. 

I  Ibwa  hack  into  Uio  iHjilcr     11te  tube  leads  to  the  lower  part  of 

Lilt)[B  riMcrvoir,  in  which  the  air  can  be  either  rarefied  or  com- 

at  will     This  reservoir  is  in  communication  witli  a  mano< 

Tlie  apparatus  shown  in  tho  figure  is  that  employed   for 

not  ttxoecding  9  atmospheres.     Much  greater  pre8sure;<, 

liog  to  SS  atnwapheres,  can  be  attained  by  simply  altering  tlie 

of  Uio  apparatus  without  any  change  io  its  prineiple. 

I  natMNoeter  employed  in  tliis  case  was  tlie  saiiic  ax  ttuit  used  in 

Boyle's  law,  consisting  of  a  lonf;  column  of  mercury  (§  221). 
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in  UKJRg  thU  apparatus,  the  air  in  th«  reservoir  is  tirst  mt 
until  thi<  watvi'  boils  at  ubout  50'  C;  the  occurrence  of  ebuUtI 
Uing  recognized  by  its  chunicteriatic  «ound,Bnd  by  the  teupeni 


n^ttinining  invKriahle.     ThLi  HU-a'liiieKt  of   ti'tnpnnitani  is 
advantage  in  iimking  the  obs«rvationii,  inoatnuch  u  it  Miftl 
ihermometers  to  oome  into  perfect  e({uilihriuru  of  t^nipenlum  ' 
the  water.     The  pressure  indicated  by  the  manometer  duriDgl 
tioo  is  exactly  ttiat  of  tliu  vapour  product^.     By  admitting 
tlio  TVMrrvitir,  the  boiling-point  is  raised  by  micoawivn  utops  i 
rvachctt  100',     Aftrr  tliis,  air  niitst  be  forced  into  the 
oompnM^iion-puinp. 
Tlie  following  is  an  aletract  of  the  results  thus  obtained^ 
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40l.  Onrve  of  StMiii-preaaare. — The  cotnfiari&on  of  thes«  preasurM 

*rith  ihi'ir  uurreepoitding  temponilures  aHurds  no  cluo  to  any  shnple 

nl&tjon  b«iWMU)  tbciit  wbich  might  bo  token  as  the  physical  law 

''  tlw  pb«ooiXMna.     It  would  appear  that  th«  law  of  variation  of 

n^ximuin  {irMMirm  In  incapable  of  being  thrown  into  any  simple 

*itpTuwlflu— judging  at  least  from  the  failure  of  all  etforta  hiUierto 

<Ba4(t.     An  attentive  examination  of  th«  above  table  will  enable  us 

*o  ajuKTii  only  that  the  maximum  pn.'aauro  varies  very  rapidly  with 

lh«    inniporatore.      Thus    bc- 

kwevn  U*  and  100*  the  variation 

unly  1  atmosphere,  but  l>c- 

^^Wtcn  101)'  and  200"  it  in  about 

l&.UKi  U-twe«n  200*  and  iSO' 

*t»<u  13  atineepherea. 

Tho  clearest  way  of  ropn?- 

ilins  to  the  mind   the  hiw 

ag  to  which  Htefttu-pres- 

varka  with  tamperature, 

h^  mcoiui  of  a  curve  whoM 

^VifiaatM  rrprment  )it«ani-[>re»> 

vhiln   the  atMcifiSiB   re- 

I  ^BKAt  the  com-Mpoodinf;  turn- 

jpntorea.    Such  a  curve  ix  exhibitcsl  in  Fi^.  261.    Lenijtlia  propor* 

to  ti»  tamperaturcs,  nxkoned  fniin  0*  C,  are  laid  off  on  tlie 

'Uoe  (calhil  tbn  line  of  absciasc),  and  perpendiculars  (called  ordi- 


natn. 
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nates)  ore  erected  at  thoir  oxtrotnitica,  tbc  lengths  of  these  peipendi- 
culors  being  madv  pruporlionul  to  the  st^'ain  -pnjwaree.  TbeaoW 
emplojoU  for  t)io  two  8ct«  of  lengths  are  of  courso  quite  intlepeadal 
uf  one  onotlicT,  thuir  selection  being  merely  »  question  of  ettavtaam^. 
The  curve  itself  is  obtained  by  joining  the  extn-mitie*  of  Uw  p«r- 
|>«ndiculara,  taking  cftr«  to  avoid  sudden  changes  of  dirociioa;  ud 
it  not  only  serves  to  convey  to  the  mind  an  idea  of  the  uus 
pressure  and  their  rates  of  vanntiun  at  diiferent  tcn)j>emturai.1 
also  furnishiui  tJio  n>jki)ie.st  iiivans  of  dotenmnlng  the  pruisuna 
temperatures  interniediato  Ix-twwn  those  of  obncrvotion  {see  i}  177) 

It  will  be  noticed  that  the  curve  beooincA  itteepcr  a-s  thr  h-inp«ai- 
ture  increasoB,  indicating  that  the  pressure  increBsca  ^ier  at  lu^ 
than  at  low  temperatures. 

402.  Empirical  Formula.— Though  all  attempts  at  finding  a  ntiopoi 
formula  for  st«am-prossure  in  tenns  of  tcmpemture  have  htthwto 
failed,  it  is  cosy  to  devbe  empirical  fonuulnt  which  yield  colerohl; 
accurate  results  witliin  a  limited  range  of  tetupemturv;  and  hj 
altering  the  values  of  the  constants  in  such  a  formula  by  iiiiniwrili 
•teps,  it  may  be  adaptcil  to  represent  in  euccesaion  the  ditferrnt  pM 
fcions  of  the  curve  above  du^cribed. 

The  simplest  of  Uicsc  approximate  formulio'  is  that  of  Dulong  oad 
Arogo,  which  may  be  written — 


( 


HO   } 


or 


ana  gives  the  maximum  pressure  in  aimoaphejvt,  corre«pacidiii|!  M 
the  temperature  C*  Centigrade,  or  P*  PahrcnheiL  This  fonoaii  i 
rigoroo^y  correct  at  100°  C,  and  gives  increasing  ernnn  ostbela- 
pcrature  departs  further  from  this  centre,  the  errors  otnouaCiBit  k 
about  li  per  cent  at  the  temperatures  80°  C.  and  225*  C  Utaa  * 
appuur*  Uvat  bitween  these  limiu  the  maximum  pn-muroof  ofOt* 
vapour  is  nearly  proportional  to  the  fifth  power  uf  tho  excMn  ct  tV 
temperature  above  —40°  C.  or  —40*  F.  (for  it  so  )ia])p<iDi  that  llB* 
tempei-ature  is  expressed  by  the  same  number  on  IxHh  tioala). 

403.  Pressures  of  the  VapoiuB  of  DifTereiit  Iiiquids. — Doltca  WU 
tJtOt  tiu  vapvun  of  Hi^'eivnt  UtptuI*  have  ttpuU  j)iy:murr»  iii  Itmff 
aturea  e^uailif  rtmwvftl  from  tlitir  lM>iti»'j-poi7tt».  Thus  the  boBlif' 
point  of  alcohol  hciug  78*,  the  presanre  of  alcohol  vapour  »1  "fi 
should  be  equal  to  that  of  the  va]>our  of  water  at  92*.  If  ihii  < 
were  oorreci,  it  would  only  be  necessary  to  know  the  lioil 
*  Tm  4  pami  (onnula,  in  TTokKm  m  SIw  tmjtm,  f.  SST. 
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-fif  Al^  liquid  in  order  to  vsUinatc  tlio  pressure  of  its  vapour  at  any 

given  tempcnlurw;  but  subsequoat  cxpcrimvut  bu  shown  that  the 

l«w  IB  far  from  twing  rigorously  exact,  tliougb  it  is  approxiiiiatvly 

correct  for  temperatures  differing  by  only  •  fow  dugre«s  froui  tti« 

boiliii(;-point8. 

Renault  has  performod  numvrous  experiments  on  the  vapour- 

of  MCD0  of  Uio  more  volatile  liquids,  employing  for  tliia 

tlia  nmc  fomi  of  nppAi«tU8  wkicti  had  served  for  detcr- 

the  prcasuraa  uf  nqueoua  vapour.    Tb«  following  arc  soiii«  of 

hit  reaahs: — 

Vaiwcs  or  Auxiaou 


+  10      . 


millltl-HITI 

.  mo 
.  -n-a 


T*mpM«i«rM  rn«Dr»  In 

CwlKntda.  Ullllaiiltr* 

+   SO* T8-« 

100 1«»7-5S 

IhS esM-is 


VArooa  or  Ethul 


-«r ss-w 

0 IM-W 

+  10 U3«-83 


+  M* II3I-80 

100 f»»-SO 

140 TTW-M 


Vakmis  or  SvLnuDS  or  Cawor. 

-'J0* 47-SO  I  +30* tU-ftl 

0 I»7«l  IM 333S'1& 

*W l*t|-4«  I  ISO 009&-Ci( 

404.  Bzpnssion  of  Tapoar- pressure  in  Absolute  Measnro. — The 
■aTJiButn  pr«viuro  of  a  given  vapour  ut  a  •pvcii  t«ii)iK;rii.turu  is.  from 
iu  veiy  nature,  indeiwndent  of  gcogtaphica)  po(*ilion,  and  !>!hculcl 
llfitfon-,  proj>'!rlyG[)eakiDg,  be  denoted  by  one  and  thesaiiie  number 
u  ill  pUce&  This  numerical  uniformity  will  not  exist  if  the  prrasure 
Wgpi'iinwd,  u  in  the  preceding  aections,  in  teruui  of  the  I(-ii^;th  of 
■  ttihuua  of  mrrcury  which  balances  ti  For  examiilo,  in  order  to 
Jvpt  Rtigtiault's  dt-teniiiiiatioiw  to  Lcmdon,  wv  must  multiply  tlicm 
fnution  HH>  imuitDUch  as  3456  laillimetrt-ji  of  mercury  vxert 
kmmo  pruwuru  at  London  m  34'>7  at  Paris.  In  ;;encnU.  Ut  adapt 
"■taminationa  of  pres^uru  uuule  at  a  placa  A,  to  auoUier  piaw  11.  w« 
^n  multiply  them  by  the  fmction 

ftaTi^BTb' 

"» if  A  denote  the  height  ^in  centimetres)  of  »  column  of  mercury- 
*I0',  which  produces  a  preeaure  p  (dynes  per  m).  cm.),  and  i^  be  the 
•Unty  of  mercury  at  0°,  wo  have  (§  ISS) 
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Hence,  in  order  that  p  may  be  the  same  at  diHerent  places,  Um  nlwi 
of  gh  must  be  the  same ;  in  otlier  words.  A  miist  vary  inveneljr  u  ^ 
406.  Iiaws  of  Combination  by  Volume. — It  was  discovered  by  Gajr- 
Lus»nc.  tiiut  when  two  or  more  j^aaeous  elonumta  at  the  aame  Ina- 
pentiiru  and  prc-wuro  enter  into  chemical  oombinatton  witb  taA 
other,  the  two  following  laws  apply: — 

1.  Hie  volumes  of  the  componenta  bear  a  very  umplo  ratio  to  each 
other,  such  as  2  to  3,  1  to  2.  or  1  to  1. 

2.  The  volume  oE  the  coinpouud  lias  a  aimple  ratio  to  the  sum  «f 
the  vohmu-s  of  the  components. 

Ammonia,  for  example,  'u\  formed  by  nitrogen  and  hydrogen  tuit- 
ing  in  the  proportion  of  one  volume  of  the  former  to  tliroe  el  tlw 
latter,  and  the  volume  of  the  ammonia,  if  reduced  to  the  same  pr^ 
4ure  as  each  of  its  constituent^  b  just  half  the  sum  of  tbntr  voIdiom. 
Further  investigation  has  led  to  the  conclusion  (which  is  now  gaa»- 
rally  rcoeivod,  though  hampered  by  some  apparent  exceptiunx),  tliti 
che»«  UiW8  apply  to  all  coses  of  cJiumical  oombination,  tliu  voJuim* 
compared  being  those  which  would  be  occupied  rvApoetivaly  bnr  tbt 
combining  elements  and  the  compound  which  tbey  form,  idun 
reduced  to  the  elate  of  txtpour,  at  mich  a  temperature  and  pn—iui' 
as  to  be  very  far  removed  from  ti>]uuIaction,  and  consequootlj  to 
poasesa  tba  prop«rtJ«s  of  what  we  ore  accustomed  to  call  pvnauod 
gams. 

It  is  obvious  that  if  all  gases  and  vapoun  were  etfually  "^i*"™*^ 
by  heat,  the  volume-ratios  referred  to  in  thb  law  would  be  tlw  mm 
at  all  temperatures;  and  that,  in  like  manner,  if  they  wen  all  tfOlB} 
eoropreesiblu  (whether  obeying  Boyle's  law.  or  departtngf  ffJlf 
from  it  at  equal  pn:-.-«tires),  the  volume-raUca  would  be  indtpanM 
of  the  prMsure  at  whicli  the  compariitoQ  was  made. 

In  reality  great  ditlerences  exUt  twiween  ditfcrcnt  va|Mai>  in  W^ 
respects,  and  these  inequalities  are  greater  ao  the  vapoiiw  arriMi''' 
to  satumtion.  It  b  accordin^^ly  fnund  that  the  above  UwaufTsli^ 
ratio  often  fail  to  apply  to  vapours  when  under  aUuospherie  pnM^ 
and  within  a  few  dogrora  of  their  boiling-points,  and  thai,  is  *^ 
eases,  a  mudi  nearer  fultilnient  of  tlio  law  is  obtained  by  implAjnf 
very  high  t^tmiM-imturett,  or  i^i>erattng  in  iuL-lt«ui-<.-s  at  very  luw  p** 
niiM. 

406.  Relation  of  Vaponr-^enaltles  to  Chemical  Eqnivaleata.— €h*- 
iatA  have  di;tt;nnine>d  with  great  an;uracy  the  ctnubitiing  pnipuflj— 
by  Weight  of  most  of  the  elements     Hence  the  preceding  lawv  i 


VAForK-DENSniiS. 


379 


'  toated  for  bodies  which  usually  exist  in  the  Holiil  or  liquid 
Wfl  are  able  to  ouDpare  the  deiiRittes  of  thoir  vapours.  In 
mo  sach  elements  ooinbine  in  the  ratio,  by  weight,  of  u>|  to  ttij. 


'doaotins  the  volumes  and  densities  of  the  vapoura  of 
lt>i  W|  of  the  two  subatances. 
re  have  the  equaiioD — 

vcs  the  requires]  voluiue-ratio  of  Uic  vapours,  if  Uie  ntio  of 
isitivs  be  kjiown. 

eniuliea  theuuielves  will  differ  enonnoualy  according  to  the 

and  temperature  at  which  they  are  taken,  but  their  ratio 

'  van,'  by  comparatively  small  amounts,  and  wguld  nut  dttfor 

tlicy  wvru  i-ijually  expaunible  by  tit-al,  and  equally  coiu- 

HfDco  ooiupnrison  will  bo  facilitated  by  tabulating  tlie 

Ute  denaitiM  to  t)iat  of  some  standard  ga.s  natucly  air,  tindor 

•  eooditioiw  of  pretwure  aiid  truipcrature,  rather  than  the 
deoaities.  This  is  accordingly  tlie  course  which  is  generally 
ao  generally  indeed,  that  by  the  vapotir-denBity  o/  a  suit- 
ttiminonly  undw- 

•  rAlativv  dcTwity 
trod  by  this  ratioi 
trooens  moot  fre- 
enployed  for  tbe 
aiioo  of  tJiia  ele- 
that  invented  by 

>D&aa*  Method. — 
aratus  consists  of 
{lobe  B,  oootain- 
Bobfrtance  which 
I  conv«rted   into 


n*  m— Ihuni^  Appmtaii 


lobe  to  jilaced  in 

7,  ountaiiiinj;  Mniie 

can  he  raised  to  a  suitable  temperature.     If  the  sub- 
operated  on  IS  one  which  can  be  vsporix&d  at  100^  C, 
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tibebfith  ooniiists  aimply  of  boiling  wat«r.  WhfB  Iiiglter  lenqxn- 
tnres  ari;<  inquired,  a  saline  solution,  oil,  or  a  Cuaiblc  alloy  ia  etn[ilo]r«L 
In  all  ca^es,  the  liquid  sliould  be  agitated,  that  ita  temperatore  may 
be  the  same  in  all  parts.  This  temperature  is  indicated  bj  tbt 
(bermometer  t 

Wh«n  the  substance  in  the  globe  has  attained  its  boiliog^pofalt 
evaporation  proceeds  rapidly,  and  the  vapour  aac^wa.  vurjin^  out 
the  air  along  witli  it  Wlion  the  vapour  oeaaea  to  issue,  we  majr 
assume,  U  the  quantity  of  matter  originally  taken  has  b«ea  nffi- 
ciently  larg«,  that  all  the  air  lias  boen  expelled,  and  that  tbe  gW« 
is  full  of  vapour  at  the  tompcraturc  fpven  by  the  thermometer,  aal 
at  the  ext«nial  prL-ssuro  H.  The  globe  is  Uion  honncttcolly  aealfd 
at  the  extremity  ;>  of  the  neck,  vrliich  has  been  pruvioujtiy  draws 
out  into  a  tine  tulw. 

408.  Calonlation  of  the  Experiment. — Ah  alrearly  remarked,  lb 
den-sities  of  vapours  given  in  treatises  on  chemistry  exprcns  ti»  ntia 
of  the  weight  of  a  given  voltime  of  Vie  vapour  to  that  of  th*  mm 
volume  of  air  at  the  name  temperature  and  pretattre.     In  order  to 
deduce  thut  ratio  from  the  preceding  experiment,  we  must  Gnt  Rtiil 
tJie  weight  of  the  vapour.    Thta  is  dune  by  weighing  the  gjoba  wilt 
its  contents,  after  allowing  it  to  cool.   Suppose  the  wvigbt  tfaoi  UmA 
to  be  W.   Before  the  experiment  the  globe  had  been  weigbad  full  d 
diy  air  at  a  known  touijicrature  (  and  pressure  h.    SuppoM  lb 
weight  to  be  W";  the  ditTerence  W— W  evidently  reprnNOtfl  A* 
excess  of  the  weight  of  t]m  vapour  above  that  of  the  air.    If.  tl)4 
we  add  W  — Wto  the  weight  of  the  air,  w»  shall  evidently  lisnlk 
weight  of  the  vapour.     Now  the  weight  of  tlie  air  is  cosily  iImIim^ 
from  the  known  volume  of  Uiv  globe.    If  V  denota  this  voIuim  ai 
zero  expr4!S!ied    in  litres,  the  weight   in   gnunmos  of   the  air 
toiued  in  the  globe  at  the  time  of  weighing  is 

K  denoting  the  coefficient  of  cubical  expansion  of  gtui,  uA  «  ft'" 
coefBctont  of  expansion  of  air.  Tbe  weight  of  tbe  vapour  contain^ 
In  tbe  globe  is  consequently 

A  =  W-W+V(I+Kj)k1'S»k,^^.^ 

Let  U  l>e  tlie  pressure  and  T  the  temperature  at  the  tima  g(  itabll 
the  globe.  The  volume  occupied  by  tbe  vapour  under  ibaw  afe» 
ahuicaa  was  V  (I+KT>.    Thu  density  of  tbe  vapour  will  tbonlen 
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by  diviiiiiig  A  by  tbt-  wiiight  of  this  volume  of  air  at  tlis 
<  temperatgre  &u<i  preasuro.    But  thii)  wei^^ht  is 


iy,  Ihft  rcquirud  relative  density  is 


7flO* 


jj_  A_W-W'+ V  (1 +Ki».  1-M3- 1 +5 


k 

}«3 


ooirectnena  of  this  fonuula  dcpcDtlt  upoD  the  (tssumption  tltat 
air  is  left  in  tbe  globe.  In  order  to  Diakc  sum  tbnt  tlii»  coudi- 
b  fulfilled,  the  point  p  of  tli«  neck  of  tlie  globe  is  bnikvn  oir 
ander  morcur)';  the  liquid  then  rtLiheA  in,  and,  together  with  the 
ooDtleiwed  vapour,  fills  the  globe  completely,  if  no  air  has  been  left 
behind. 

t'Hiia  last  operation  al.so  alTordH  a  means  of  calculating  tlii.i  volume  V; 
we  have  only  to  weigh  the  mercury  contuned  in  tbe  globe,  or  to 
sura  it  in  a  ^^raduated  tube,  in  order  to  aacertein  its  volume  at 
actual  (enipcraturc,  whence  the  volume  at  zero  can  easily  be 
■WuceiL 
409.  Example. — In  onler  better  to  iDuitimte  tlie  method,  wo  Khali 
CO  tlic  following  numerical  resulU  obtained  in  an  invcatigation  of 
vapour-density  of  sulphide  of  carbon: — 
ExeWB  of  weight  of  vapoui- above  weigbtof  air,  W  —  W = -3  gramme ; 
tun  of  the  vapour  T= 69";  external  preesuro  U=:75S-oinilIi- 
f.  volume  of  the  globe  at  a  tempcmturc  of  1S°,  190  cubic  cunti- 
[Mres;  temperature  of  tbe  drj-  air  which  tilled  Uie  globe  at  the  lime 

U»tighing.  (=15';  pn«surt./i=705;  K=^^ 
rOe  ToUtma  T  of  the  globe  at  xero  is 


IM 


I* 


88700 


=  l»f4  cubk  MntiaiMna^-lSMi  lUva. 


I  night  of  the  air  ciMttntned  in  tbe  glubo  is 


■i«wx.tM.(i>^;^) 


1 


?<» 


^Uiignaa 


l^tigtit  of  the  vapour, 

[lilt  Weight  of  the  same  volume  of  air  at  the  same  temperature  and 
ID!  in 


n8o««i-s«(i+4^y.j^.Jrt 
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The  density  is  therefore 


=a-«7. 


Deville  and  TrcHwt  h&vo  effi-ctoti  seveml  improvements  in  the  tp- 
plication  of  Dumiu'  method  to  x-apoun  at  high  t«mpomtures.  Tboc 
temperatures  ore  obtAinol  by  1>oilitig  various  substoooes,  KOch  m 
chloride  of  zinc,  cadmiuiu,  whidi  boiU  at  84K)*  C,  or  sine,  which  tnib 
•t  1040*  C.  For  temperatures  above  800°,  the  glom  globe  u  rtpUnd 
by  a  globe  of  porcelain,  which  is  henoeticallT  seale<l  with  the  oxy- 
bydrogen  blowpipe.  Tlio  globe  iteolf  serves  as  a  pjTometer  tu  dofeir 
mine  the  t4>mpl^rutu^e;  and  since  the  weight  of  air  beoomos  vwy 
inoDDsidorablu  at  high  teiui>cratiurM,  some  hoavicr  vapour,  and)  ■• 
tliat  of  iodine,  ia  aubstitutod  in  itA  place.  If  wo  auppose,  as  we  buit 
£airly  do,  that  at  theae  high  temperatures  the  cooffieieDt  of  expanaon 
of  the  vapour  of  iodine  is  the  same  an  that  of  air,  tlie  tvmpantan 
may  easily  bo  deduced  from  the  weight  of  iodine  conlatnod  in  tk 
globe.  Wo  subjoui  a  table  of  Home  relative  densities  of  wafcm 
obtained  by  this  method:— 


W>l«r, 0-«39 

Alcnhol. l-ei88 

Btbtr, 1-668 

Spirit  of  turjicratlMt     .    .  5-0180 

Iodine. 6710 

Siilplmr, 9-Sa 


rhmfkum.    .   .    . 
CMstM,   .... 
Ohkridi  <d  «luiialia% 
Btmaldi  at  fthiMUw^ 
Chlnid*  t4  B«M>nn^ 
8o«]ukUarU*  ol  lioa, 


410.  LfmitinE  Values  of  Belative  Densitiea,— In  iuvwUgatiail 
relative  deiuity  of  acetic  acid  vapour,  Cahours  found  that  it  v*" 
on  decreasing  ai  the  temperature  increased,  fx\>  to  a  certain  fi^ 
beyond  whicli  there  was  no  sensible  change.  A  similar  circutnaM* 
is  observed  in  the  cose  of  all  subHtancos,  only  in  difron-ol  dqfR* 
The  \-^>our  of  sulphur,  for  instance,  has  a  relative  d4>nsity  of  tiH* 
SW  C.  whilu  at  about  1000*  C.  it  is  only  2-23.  This  indioMwM 
the  vapours  in  question  aro  more  expansible  by  heat  than  air  m"! 
the  limiting  t«uiperatures  are  attained.  It  is  i>n>bablo  tliat  It* 
nearer  a  vapour  is  to  its  critical  point  (§  380)  the  groatcr  il  (^ 
change  produced  in  its  absolute  density  1^  a  given  change  wbctk* 
ot  tempcmturv  or  prcwure.  Tlic  limiting  deosity-ratio  is  ilvtjl 
thai  which  it  la  iiiunt  important  to  determine,  and  wo  sliniild  tat^ 
qucntly  take  care  that  tike  temperature  of  tlie  vapour  la  mfldalt) 
high  to  enable  us  to  obtain  it. 

411.  Oaj-Lnssae'B  Hetbod. — Qay-Lussac  dcteni)inr<l  tho  detuit;  at 
the  vapour  ot  water  and  of  some  otlier  liquids  by  a  Burthod  a  Utlk 
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HopHeaiMl  titu)  that  described  above,  and  which  for  Dmb 

baa  not  beeo  generally  aduiitod  in  tlic  laboratory-.    We  pruoecd 

ribe  it,  however,  on  ocoouot  both  of  its  historical  interest  and 

jnpoctonoe  of  the  question  whioh  it  has  assisted  in  solving^. 

odnaled  tube  dirided  into  cubic  centimetrai,  sapposA,  is  lillcd 

trcury,  and  inverted  in  b  cost^uroa  verael  oontoining  th«  mm* 

Tb«  iniTrled  tubo  is  surroundod  by  a  ••]aAs  cnvelr>p«  coo- 

wat«r,  OS  in  Daltoo's  apparattui.    A  Hiiinll  "laas  bulb  contaic- 

l^ivon  weight  v  («xprefts«4l  in  gnunmeo)  of  diHtilie^i  nuti-r  ia 

iato  the  tube,  and  rism  to  the 

of  ibs  mercoiry.    The  tempeta- 

tho  apparatus  ia  then  raised  hy 

of  «  fire  below,  tliu  bulb  bursts, 

B  wat«r  which  it  contained  is 

«d  into  vapour.    If  the  quan- 

wnter  be  not  too  great,  it  is  all 

«d  Into  vapour:  this  is  known 

lb«  eaae  when,  at  th«  t«ni[M'm- 

!  about  100*,  tJ)9  muroury  stands 

in  tha  tube  than  in  the  vessel. 

thare   were   any   liquid   water 

l,tlM  apaee  would  be  saturated. 

w  pressure  of  tha  vapour  would 

aal    to  the   external    pnsssure. 

mngomont  accordingly  givea  tlie  weight  of  a  known  volume 
vapour  of  water.     This  volume,  in  cubic  ointiaii-trM.  is 

RT),  where  V  denotes  the  number  of  divisioiu  of  the  tube 

id  hy  the  v^war,  each  of  which  whi^n  at  the  temperature 

faaaattts  a  caUc  oentimetrc.     The  temperature  T  ia  marked 

bviuoUMrter  iinm«r»ed  in  Uic  water  contiurl(^d   in  the  enve- 

Hm  preMuro  of  the  vapour  '»  ovidnntly  vqual  to  tlto  external 

A  miitus  the  height  of  the  mercury  in  the  tube. 

tder  to  find  the  relative  density,  we  must  divide  w  by  tlie 

of  a  volume  V  (1  +  KT)  of  air  at  the  temperature  T  and  prea- 

-A.  giving 
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T(l  +  lCT(K«lSM«f:;:^ 


imi 


ty  be  rcmariced  that  the  vapour  in  this  cxpvrtment  ta  super- 
but  sapArhoated  vapour  of  water  obex's  Boyle's  law,  and  has 
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therefore  th«  stunc  rclntivo  density  as  saturated  vapour  at  tho 
temperature. 

The  relative  density  of  the  vapour  of  water,  as  tliua  detcnninnt 
by  Q&y-Luseac,  is  about  {;,  or  -Gio.  Several  recent  mvestigatiDia 
have  given  as  a  mean  result  'C2S,  which  agrees  with  tho  cl: 
denaity  deduced  from  the  compositiOD  of  water.' 

412.  Meyer's  Hethod. — Victor  Meyer  haft  invented  i 
detenu  i  111  iig  vapour  densiUcfl,  which  ia  illufttTat«d  by  Fig.  264l 
appamtUH  coDsista  of  a  flaak  B  with  a  long  narroTr  Dock,  bvm 
which  a  fine  tube  branches  off  near  the  top,  and  bcoda  down  onder 

the  nirtaee  ot  mercury.  A  graduated  ^hm 
Jar  D  filled  with  mercury  con  be  inverted 
over  the  end  of  the  brand)  tube. 

The  &nt  operation  is  bo  beat  the  fliik 
by  metuu  of  a  Kurrounding  Lath  to  tim 
ti-iaperKture  at  whidi  it  i»   intended  to 
funti  Uie  vajwur.    This  o[)«raUon  vx]«o(b 
the  air  and  expels  a  porttoa  in  bubUa* 
through  the  mercury.     Thia  portico  Hi; 
bo  ullowL'd  to  uuape  into  the  atmaspbcrr, 
Atid  when  no  more  bubble*  issue,  but  •qni- 
librium  of  pnneure  has  been  iiatalilliUf 
the  graduated  jar  is  to  be  inverted  a*v 
the  end  of  the  tube  ready  for  the  imai 
operation,  which  cotuista  in  iotrodadit 
the  Dubstance  to  be  vaporiufd  into  At 
llask,   tlie    indian-rubber   plug  C  at  ikt 
top  of  the  neck  being  removed  for  Itf  ' 
purpose  and  quickly  replaced.    The  formation  of  the  vapour  ai^ ' 
more  air  through  the  mercury,  and  this  air  must  be  coUeoted  inllt  ' 
grndujitt'i)  jar. 

Comparing  the  contents  of  the  fUutk  when  thb  operation  ha*  tM 
completed  with  ita  contents  before  the  plug  wa.4  drawn,  it  it  obritf 
that  die  %-apour  has  taken  the  place  of  air  at  the  same  tempenM* 
and  prcjisure.  The  relative  vapour  demity  will  titerefon  be  Ikl 
quotient  of  the  ino^'w  uf  tJic  vapour  by  the  uiass  of  the  air  displsM^ 
The  mowi  of  the  vajwur  is  known,  being  the  Mune  as  thai  of  A* 


rig.  tU  -UcjM^  tpiunlDi. 


■  Water  !■  oDinpDw-)  (4  t  ndiuoca  «i  hydngm,  «ad  1  volmia  nf  oktsm^  I 
fdoBBB  o(  vkp<nir  uf  wrUv.  Tha  tum  of  Ihi  dennljr  of  oijp«  aail  t*l«  Ik*  i 
hj^HCM  ii  l-Sli,  uiJ  iIm  I»U  ut  thii  Im  nmay  -422.-/1. 


fli 


whsi  ft  given  quantity  of  water  'paasta  into  the  state 

'  may  tuilj  be  cal«ulat«d.     Suppose,  for  instance,  that  we 

Ilia  Toluine  which  a  cubic  centimetre  of  water  at  4"  will 

tba  state  of  vapour  at  100°.     At  this  teoipersture  the 

the  vapour  ia  equal  to  one  atmospheru.  and  its  weight  U 

B22  times  the  weight  of  tha  umu  voluiiio  uf  air  at  the  same 

and  preesua-.    If  then  V  be  the  voluiitc  in  litree,  we 

V«I-3S8«i:f|o6ii«  683=1. 


I  thai  water  at  **  ^vca  about  1700  times  Ita  volume  of 

a 

it  heat  of  evaporation  is  doiibtleen  connected  with  this 

'  volume;  and  it  may  be  remarked  that  both  these  elements 

I  be  greater  for  water  than  for  any  other  substance. 

it  of  Eraporatioo. — The  latent  heat  of  evaporation  of 

o[  aome  otht-r  liquids,  can  be  dct«rminecl  by  iiit-ana  of 

I  apparatus,  which  ia  shown  in  Fig.  265, 

1  ia  boiled  in  a  retort  C,  wlucli  is  conQect4:;<l  witli  a  worm  S 

by  cold  water,  and  terminating  in  the  reservoir  R.     11ir 

in  the  worm,  and  collceta  in  the  reservoir,  whence 

.  b^  meana  of  the  stop-cock  r.    The  tube  T,  whidi  ia 
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retort,  luad  when  it  i»  in  active  obuUition,  it  is  put  in  oommtnuealian 
with  thv  worm.  The  temperature  of  tlio  calurinietur  has  previoadj 
been  lowered  a  certiun  nomber  of  degroce  below  that  o£  the  smnond* 
ing  air,  and  the  experiment  ceases  when  it  hm  risen  to  tbe  mm 
oaoiber  of  degrees  above.  The  com^  .^naatioc  may  tbuA  \k  ooiuidanJ 
as  complete,  eince  the  rate  of  heating  is  nearly  uniform. 

If  W  bo  tlio  etjuivnli-nt  of  the  calorimeter  in  water,  (  its  initU 
temperature,  9  it«  final  tcmi^eraturui  then  tlic  qtuiutity  ot  heat  gunad 
by  it  is  W  (0—t).  Tim  heat  oomcs  partly  from  the  latent  beat  dit- 
engagi»d  at  tiie  moment  of  condensation  of  tlio  vapour,  partlv  (nm 
tbe  loss  of  temperature  of  the  condensed  water,  whieh  aiulu  fron  T, 
the  boiling-point  of  the  liquid,  to  the  temperature  of  the  iiilmiliiiNw 
If,  thea,  X  denote  tbe  latent  hent  of  evaporation,  to  the  weight  of  (hi 


iV'  m>  -l>Hpntri  ApiMniw 


liquid  collected  in  the  box  R,  and  o  its  specific  beat,  wo  ban  ^ 
equatiou 

This  uxporiment  ia  uxpomd  to  some  serious  caused  of  enoc 
calorimeter  may  be  heatod  by  radiation  from  tbe  scnwa  f 
protoeta  it  from  the  din-ct  radiation  of  the  furnace.     Heat  ntaji 
be  propagated  by  meati-t  of  tlic  neck  of  the  ntorl.    A}fain.tb>  nf*^ 
is  not  dry  when  it  pawou  into  the  worm,  but  oani4M  with  it 
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t  liquid.  Finally,  some  of  the  vapour  may  be  condensed  at 
I  of  tiiu  retort,  and  so  pass  into  the  worm  in  a  liquid  state, 
at  objection  la  partly  removed  by  sloping  the  neck  of  the 
upvatxLt  from  the  Eire,  but  it  aomotiincs  huppeiu«  Lhu.t  this 
jon  ia  not  sufficient 

BifBUUt'*  Bzp«nm«ntc. — The  lalwurs  of  Ke^^nault  in  coii- 

with  the  Bubjcct  of  latent  beat  ore  of  the  ^reatimt  iuiportanoe. 
ve  rvMultod  in  the  okbomtion  of  a  method  in  n-liich  all  theae 

of  error  are  entirely  removed.     The  results  obtained  by  bim 

fc^owing: — 

quantity  of  heat  required  to  convert  a  gianune  of  water  at 
to  vapour,  without  change  of  t«upvnture,  b  637  grHiiiiue- 

Iatar  were  originally  at  zero,  the  total  amount  of  heat 
raiM  it  to  lOO*  and  tiii-Ji  convert  it  into  vapour  would 
iy  bo  6^  gTatiiiiie>dc^iee8 ;  and  it  is  this  total  amount  which 
iapuriiint  to  know  in  tlio  application  of  heat  in  the  arts, 
eoerel,  if  Q  denote  the  total  quantity  of  heat'  required  to 
ater  from  zero  to  the  temperature  T,  and  then  convert  it  into 
at  this  temperature,  tlio  value  of  Q  ouiy  bo  deduced  with 
from  tbu  formula 


advMBi 


Q»tMi*tDST.  M 


rhat  we  have  »aid  above,  it  will  bo  w>vn  that  if  X  denote  the 
bikt  of  evaporation  at  temporature  T,  wo  niiut  hJave 


i 


mibttituting  for  Q  in  (a),  we  Itavo 


it  appeatn  that  latent  heat  varies  in  the  oppoia)t«  direction  to 
aton.  This  fact  had  been  previously  discovered  by  Watt; 
wont  t4X)  far,  and  maintained  that  the  increase  of  the  one 
la/  to  tlie  diminution  uf  the  other,  or,  in  his  o\vn  words,  that 
ua  of  the  Miuiblo  and  latent  heat»"  (that  is  T  +  X)  "is  con- 
Prom  (a)  we  can  linil  the  total  hcnt  for  any  given  tempera- 
l^from  (6)  tb«  latent  heat  of  ovajwratioii  at  any  given  tom- 

,'  bj  rUpiA^t  t^  tool  h«*t  •(  —momUA  •nfemt  M  T*.  or  Uie  total  hoU  of 
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perature.     The  reaulte  for  every  tenth  degree  between  0"  and  tK 
are  given  in  the  following  table: — 


Teinp«ntiin« 

UCsnt 

ToUl 

TBmpenlnnt 

Latant 

ToM 

CflUtlgTAdB. 

Hul. 

HeM. 

Ctatlgnd*. 

BnL 

H«L 

0'    .    .    .    . 

806 

60S 

120°  .... 

622 

US 

10 

600 

610 

ISO     , 

GIG 

us 

so 

6n 

613 

140     . 

G08 

US 

30 

GS6 

61S 

ISO    . 

GDI 

«SI 

10 

678 

610 

160    . 

«S( 

su 

50 

672 

622 

170    . 

186 

OSS 

60 

56G 

625 

180    . 

<7» 

ss» 

70 

ses 

623 

190    . 

172 

Ma 

80 

551 

631 

200    . 

IM 

«u 

eo 

G14 

631 

210    . 

157 

Mt 

100 

637 

637 

220    . 

119 

M9 

110 

G2e 

630 

230    . 

112 

«» 

To  reduce  latent  heat  and  total  heat  from  the  Centigrade  to  t) 
Fahrenheit  scale,  we  must  multiply  by  {-.   Thus  the  latent  and  tot 
heat  of  steam  at   212°  F.  are  966-6  and   1146-6.     Total  lust 
here  reckoned  from  32°  F.    If  we  iBckon  it  from  0"  F.,  32  mint  I 
added. 

The  following  table  taken  from  the  researches  of  Favre  and  S 
bennann,  gives  the  latent  heat  of  evaporation  of  a  number  of  liqnd 
at  the  temperature  of  their  boiling-point,  referred  to  the  Centipid 
licale  I — 


Bolllng- 

IlHt 

polBL 

Utf 

W*Mjd.H[jirit, 
Ab*)lute  alcohol. 
Valeric  alcohol, 

Uthol,     .     .     . 

Valeric  ether,  , 

Ponuic  Acid,    . 
1 

Ofl-5" 

78 

78 

38 

38 

tl3'G 
100 

261 
208 
121 

»! 

58 
113'B 

isa 

Acetic  Kid,      .     .     . 
Butyric  acid,  .     .    . 
Valeric  acid,    .     .     , 
Acetic  ethi^,   .     .    . 
Oil  □[  tnipentiiic^ 
EoCDCe  o[  citruD,     . 

1 

120" 
IM 
17S 
74 
16« 
ISS 

M 
lU 
W 
» 

9 

HXOBOHSTBT 


tidity. — The  eomlition  of  tho  ur  aa  regards  inoUtur« 
fcvro  elements: — (1)  the  amount  of  vapour  preiient  in  the  ^r, 
<  ratio  of  this  to  the  amount  u-hich  would  saturate  the  air 
tomperaiure.     It  is  upon  the  itcconti  of  tlicse  elemcmta 
ktioDS  of  diyoMB  and  moisturo  chicHy  dcpt-nd,  and  it  is 
Bl  wlud)  melcorolo^Kts  bavo  agrotd  to  denote  hy  tho  t«rm 
or,  aa  It  ii  sometimes  called,  tvlative  humutU}/.    It  i» 
[ireaod  aa  a  percentage. 

humid  and  mdei.  as  applied  to  air  in  ordinary  lan- 
rlyoomwpond  to  thio  t«chnI<Mil  um:  of  tJie  word  humidily; 
tnsually  Raid  to  be  dry  vrhvn  its  humidity  i»  consldftmhly 
aTcrago,  In  treaUHca  on  physics,  "dry  air"  usually 
wboae  humidity  is  iiem. 
f  in  a  room  beat«d  by  a  hot  tttore  contains  im  much  vapour 
reight  aa  tlie  open  air  outside;  but  it  ia  drier,  because  ita 
'  vapour  is  greater.  In  like  manner  the  air  is  drier  at 
I  at  midmght,thoughtheamountofv^>our  present  b  about 
[and  it  is  for  the  most  part  drier  in  summer  th&n  iu  winter, 
I  amount  of  vapour  prt«ent  i»  much  grvntvr. 

it  a  cubic  foot  of  air  is  able  to 
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vopour-jTrewuTV  U>  ihe  vuwimum  vaptmr-preMure  for  fM»  wtel 
temperature. 

417.  SimaltaneoQS  Cb&ii^s  in  the  Dry  uii  Vaporons  ConstitaeaU.— 
When  a  mixture  of  air  and  x'apour  is  aubjected  to  chaogea  oS  Ua- 
perature,  pressure,  or  volume  which  do  not  coDtlense  any  of  ita 
vapour,  tbu  two  constitiiente  are  similarly  affocted,  atueo  Ibtj  hai* 
IjotJi  thu  same  ooefiiciont  of  uxpoiiiuon,  aiid  they  boUi  oboy  Bojrle'i 
lair.   If  the  volume  of  tlie  whole  be  rvduced  ftx>m  V|  to  t%  at 

prossuro,  both  the  denfiitiea  will  be  muttipliod  by  ^,  and 


Boyle's  law,  the  pressures  will  also  be  multiplied  by  -. 


If.  on  tin 

other  hand,  the  tiMuperaturo  be  ulterttd  from  tiUi  t^  wiUiout  ehanut 

f^  volume,  both  the  presiiuree  will  be  multiplied  by  rr^*     The  ntia 

of  the  vapour-prcssurv  to  the  dry-air  pnMiuro  ramaina  unchanged  ia 
ttoth  eaaee. 

If  the  chang«a  of  volume  and  temperature  are  e&ct«d  simultaae- 

oualy,  eoch  of  the  pressures  will  be  mulUplifld  by  ^  j^^-  ""^  **• 
total  pressure  will  be  multiplied  by  the  same  factor.     If  the  total 
pressure  remains  unchanged,  as  is  the  case  when  tliere  ia  free  oi 
munication  butw(»en  the  altered  air  and  the  general  atniuipben,  bril 
the  dry-air  prvesuni  and  the  vapour-proasurc  will  Uinrefore  nmit 
unclianf^vl. 

418.  Dew-point. — When  a  mixture  of  dry  air  and  vapour  »  wtd 
down  at  cmistant  pressure  until  the  vapour  ia  at  saturatioft  lb 
temperature  at  which  saturation  occurs  is  callud  the  dtv-pMifi 
the  original  muss;  and  if  the  mixture  be  oooled  below  the  daw-plA. 
some  of  th«  vapour  will  be  eondomiod  into  li()uid  water  or  aoUil  i»- 

The  reasoning^  of  the  preceding  section  allows  tJtat  the  imosi' 
Oooling  down  to  the  dew-point  doea  not  alter  the  vapoui^(iil^» 
1^6  iietva/  vapour-preatiwn  in  any  portion  of  air  u  therefor*  f** 
U>  tin  maximum  wiptmr-ftreamire  at  the  di^o-jmrU. 

When  air  ia  confined  in  a  clone  veesc-l.  and  oooled  at  lUuiW* 
volume,  it«  prMsturc  and  density  at  any  (pven  t«mperatan.  and  t^ 
pnwmirea  and  dcnsitka  of  itit  dry  and  vaporouin  constituMita,  will'* 
Wm  than  if  it  were  in  fr«e  conmiunication  with  ti\m  atmun*** 
Hence  its  vapour  will  not  be  at  saturation  when  cooled  don1> 
what  is  above  defined  as  the  dew-point  of  the  original  uaai,  W  • 
lower  temperature  will  be  requisite. 

419.  These  oonclusioos  can  also  be  eetablisbed  as  foUowas— 
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I  of  the  misture, 
I  of  tbv  vaporous  constituent^ 
the  volume, 

tho  ti>mp>-ratutx!  reckonod  from  al«olut«  eoto  on  th« 
ll«r. 
!tar  tU  thutges  wliiob  do  not  oon<li.iniie  any  of  tlie  vapour 

P  is  also  constant,  we  have  ,;,  constant,  and  therefore  p  oon- 


Puh< 


tier  haml.  wlieD  V  is  constant,  p  vill  vary  aa  T,  anci  will 

as  T  diminisliea. 

{ygroscopes. — Anything  which  serves  to  give  rough  indica- 
ibe  state  of  the  air  as  re^antfi  moisture  may  be  called  a 
M  (trp*c-  moist).  Uany  substAocL-s,  c^jeciolly  thoH«  which 
wsmI  of  organic  tinsiie,  have  the  property  of  absorbing  the 

of  the  aurroandiog  air,  until  tht>y  attAin  a  condition  of 
urn  such  that  thfiir  affinity  for  the  moUture  absorbed  U 
iqual  to  the  force  with  which  the  tatter  tends  to  evaporate. 

follows  tliot,  according  to  the  dampniMs  or  drynces  of  the 
a  iiuljsUiice  wlU  absorb  or  give  up  vapour,  eithor  of  which 

is  always  attended  with  a  variation  in  the  dimensions  of  the 
he  nature  of  this  vnriatirm  depends  upon  the  peculiar  Htruc- 
he  substance;  thus,  for  in.itance,  bodies  formed  of  tilanients 
t  greater  increase  in  the  direction  of  their  breadth  than  of 
gtlt.  blcmbranous  bodies,  on  tho  oUilt  tiand,  Huch  a^  paper 
tDimt,  fonited  by  an  interlacing  of  tibrm  in  all  diri-ctions, 
7t  eoutroct  alinniKt  as  if  tliey  were  homogeneous.  Bodies 
I  of  twisted  tibres,  as  ropes  and  string,  swoll  under  Uic 

moiitture.  grow  shorter,  and  are  more  tightly  In-i^t^^l.  The 
b  the  case  with  catgut,  which  is  often  employed  in  popular 
pea. 

^frometeri, — Iniiitnim«at«  intended  for  furnishing  precise 
DontA  iif  the  etato  of  the  air  as  regards  nioi»ture  are  colled 
ftn.    They  may  he  divided  into  four  classes: — 
;;romet«rs  of  absorption,  whtcli  should   rather  bo  eant»d 

pwneters  of  condonBalion,  or  dew-point  inRtrumcnta. 
irgrometers  of  evaporation,  or  wet  and  dry  bulb  thenno- 


4.  ChiMnical  liygrotneters,  for  directly  measuring  tho  i 
vapour  in  a  pvcn  volumo  of  air.  j 

422.  De  8Buasur«'8  Hygrometer.— Tb«  beet  bjgninMter  d 
tioQ  is  tliat  of  l>e  Saiisuture,  oonaiating  of  ft  hair  deprived  4 
trhicb  by  ila  contractions  moves  a  neudls  (Fig.  2trC).  ^ 
hair  relaxes,  tb«  needle  is  caused  to  move  in  Uio  oppositei 


Hi.  M— D*  EnMoni  HiyiMei>«, 


Hit  v.  'UMuifo  ll}| 


by  a  weight,  which  serves  to  kiwp  tJie  Iioir  always  oqua! 
The  Itair  contracts  as  the  humidity  iiicrvajwa,  but  not  in  sii 
portion,  and  Bcgnault's  invwUgationj*  Iiave  ititown  tluU, 
most  iniiiubi  pri-c»iition.H  arc  ado]it«d  in  the  constnictiun  »ni 
tion  of  ctacJt  individual  imtrument,  this  hygrometer  will  no 
definite  numerical  measures. 

Fig.  207  represents  Mouoior'e  modificottOQ  of  De  S 
hygrometer,  in  which  tbo  hair,  aft4)r  pawing  ovor  four  p 
attui:hcd  to  a  tight  spring,  which  Mrves  instead  uf  a  wd 
give*  the  advanUge  of  portability. 

Thette  instruments  are  never  employed  for  ecientifie  pd 
thin  country. 

423.  Dew-point    Hyj*romet«r8. — These  are   instrumenli 
dirf«t  ohitervation  of  the  dew-point,  by  causing  moisture  t 
densed  from  the  air  upon  the  suifaoe  of  a  body  artiiuually 
a  known  tampcraturc. 


^*"*ter,  with  ice.  if 
I  ^  pat  into  thfl  resei^ 
^^  Will  by  taming  on  the 
"    tluM  waU-r  ia  alluwvd 
^^f  Eliruugh  the  pipe  C 
1  the  uiuiil  ilouhle  dunl- 
in. th«  iap  of  which.  E,  b 
taw!  of  tliin  black  glauB, 
Wliidi  tht>  HiiuiUoat  film 
(W  IB  euily  penwivi-il. 
*r  ttoiring  under  tho  hWJc 
kaad  around  U»  '    "     f 
hbennoiDotcr    wl< 
uAaJuAy   below    it,    th« 

er  ci«a{M«  throuj^h  a  ilUchftrge  pipe,  and  can  be  received  in 
WeJ,  frjin  which  it  way  again  be  pouri^^d  into  tlio  ri»ervoir  A. 
feiKiD  u  any  dew  ia  seen  on  tbv  black  glasfi.  the  thcruiotiiutcr 
lid  be  iwtd,  aiid  the  tap  tum«d  off,  or  portly  off,  uutjl  Uic  duw 
when  a  Moond  reading  of  the  thvrntoim-U-r  riliould  be 

of  the  two  will  1>o  A])pr<)ximat«1y  Ute  dew-point;  and 
to  obtain  a  good  deteniiinatiun,  raattera  should   bo  ao 
aa  to  make  the  temperatures  of  appearance  and  diaappoar^ 
fly  identical 

irgrometw  lias  bv«n  vety 
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Ibib  eTaporation  of  tliU  ether  from  tlto  muslin  ca»m»i  a  ooadoak- 
tion  of  vapour  of  ether  in  thu  interior  of  th>;  }{lot>u,  wliicti  firodoM 
a  frcHth  «v»porAtion  from  tlie  mirfaca  of  Um 
iicjuid  in  A,  tliuH  lowcriog  Uio  t«nipor»titn nl 
that  part  of  the  iiuttrument.  By  otrefolh 
watchiog  the  surface  oE  the  globe.  Ibe  exMt 
tnuuiKDt  of  tlie  deposition  of  dew  may  bt 
Bscertainvd.  I'ho  ttiriiporature  is  then  rad  da 
till.'  indoNitd  tlii'mionivter. 

]f  the  iiutriiiiieitt  be  nov  toft  to  (tMlf.tlv 
exact  nioiue&t  of  the  disiqipaaruioo  of  the  dt* 
may  be  observed;  and  the  usual  plan  ii  to 
take  the  mean  between  tliin  toinjH'ratnre  lai 
that  iir^t  observed.  The  temperature  of  Um 
(nUTOumling  air  ia  ^iven  by  a  thorniomet«r  f  attadied  to  tk 
atanrl. 

426.  Regnault's  Hygrrometer. — Regnault'dhygromPtcircanabdntTip. 
S71)  uf  a  g\em  tube  closed  at  the  bottom  by  a  very  thin  wlnir  cafiD 
Tito  opening  at  the  upper  end  is  dosed  by  a  eork,  thraugb  wlnct 


Duilair*  ■nroDMUr. 


fH-  m.    tnwilit  ii«r«ww» 


paaMW  the  8tem  of  a  tl)ormom«ter  T,  and  a  glass  tube  t  op«  atl 
end«.     Th»  lower  end  of  tho  tulw  and  th«  bulb  of  the  the 
dip  into  ettior  oonlaiuod  in  th«  silver  cap.     A  side  tube  < 
communication  lietween  thbt  part  of  th«  apparataa  and  a  votlat 
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Lwbkh  b  itoolf  oonnock'il  with  lui  nepirator'  A.  placed  at  a 
Mtftoce.  Hy  allowing  tliu  wnti^^r  in  the  aspirator  to 
^'ft  current  of  air  is  produced  througli  the  ether,  wliich  lia^  tho 
of  IcMpiiLs;  the  U<)ui>i  in  agitation,  and  tliun  producing  tinifi>nn- 

lenporature  throu^liuut  the  whole.  It  also  tends  to  ha3t«n 
rstiua ;  and  tho  cold  tbiu  produced  speedily  causes  a  deposition 
«,  which  Is  obiervod  fruin  »  dist*nco  witli  a  tclracopc,  thus 
iag  Um  rink  of  viUating  Uie  ob««rvation  t*y  the  too  close 
nity  of  tLe  obmrver.  The  obsornttion  is  facilitated  hy  tlic 
Mt  afrere<l  hy  the  appearance  of  the  8econd  cap,  which  lia-f  no 
unJcaticm  with  the  lintt.  and  contains  a  thermometer  for  giving 
rapenture  of  the  vxtcnial  air.  By  regulating  the  flow  of  liquid 
'ha  aspirator,  the  t^Muperaturo  of  the  ether  can  bo  very  uicdy 
Uwl,  luul  tlie  dew  cau  be  made  In  ap- 
od diiuip{tf>ar  at  temperatures  nearly 
jaL  The  mean  of  the  two  will  then 
loenrmtt^ly  represent  the  dew-point 

liquid  employed  in  Renault's  hy^o- 
iM«d  iK)t  be  ettior.  Alcohol,  a  imich 
>latil«  liquid,  will  suffice.  This  ia  an 
tAUt  advantage;  for,  ainoe  tJie  boiling- 
a  ether  is  HG"  C.  {OT  ¥.).  it  U  not  easy 
msrvu  it  in  hot  climates. 
.  Wet  aad  Dry  Bulb  Hydrometer. — 
utninicni,  whicli  in  also  called  Maxon'it 
Bwler,  and  is  known  on  the  Continent 
gloat's  psychroueter,  consists  (Fi^.  Hi} 
n  precisely  similar  thenDometera, 
lied  at  a  sliort  distance  from  each 
the  btilbuf  one  of  them  bving  covered 
DtiHlin.  whidi  is  kept  inoiat  by  aic«ns 
ottoQ  wick  leading  from  a  vessel  of 
The  evaporation  which  takes  jilace 
jbe  moiatMied  bulb  produces  a  dcpre«- 
r  temperature,  so  tliat  this  thennonieter  reads  lower  than  the 
byaii  amount  which  increaitcs  with  the  dryness  of  the  air.  The 
[oaot  must  ba  mounted  in  such  a  way  Uiat  the  air  can  circulate 

Mjifrtw  b  k  tmhI  iaUt  which  air  !■  mkcd  4t  tbe  tap  to  np^jp  tliv  jdwo  "l  water 
I  iTbawl  t>  taeaft  *t  tbe  tnltMii  i  or,  mmv  gaoenJUj,  Ut  i*  aaj  apjiuatua  Ua 


WM  aud  tut  riainnomMMk 
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very  freely  nrouiul  tiie  wet  bulb;  iwd  the  veas 
water  should  be  sinait.  and  should  be  placed  Mme  inchea  to  tlie 
The  level  of  this  vessel  miut  be  high  enough  Ui  furnish  a  snpf 
water  which  keeps  the  muslin  tJiorougbly  inotitt^  but  not  faigb  en 
to  cau»o  dropB  to  fall  from  the  bottom  of  the  bulb.  UnlaM  \ 
precautious  are  observed,  the  depreaaiOQ  of  temperature  wUI  m. 
mifficiently  great,  especially  in  calm  weather.  ^ 

In  frosty  weather  the  wick  oeasos  to  act,  and  the  bulb  Jl 
dipped  in  wator  some  time  before  taking  an  ubeen'ation,  so  thi 
the  water  on  thv  bulb  may  be  frozen,  and  a  little  tiio«  allc 
evaporation  from  tlie  ice,  bef(»re  the  reailing  h  taken. 

The  great  facility  of  observation  aiforded  by  this  instrut 
brought  it  into  general  use,  to  the  practical  exclusion  of  oU» 
of  hygrometer.     As  the  theoretical  relation  between  the  io^ 
of  its  two  thermometers  and  the  humidity  bb  well  aa  the 
of  thu  air  is  rather  complex,  aii'l  can  scarcely  be  said  to  be ! 
with  certainty,  it  iit  usual,  at  h-ani  in  ttiis  country,  to  olli'ct 
ductiuQ  by  mcAns  of  tablea  which  have  been  empirically  c<iii*tnji 
by  oompamon  with  the  indications  of  a  dew-point  iostronwaL 
tables  universally  employed  by  British  olservera  were 
by  Mr.  Olaiisher,  and  arc  based  upon  a  comparison  of  tbe  Bint 
nmtings  of  tlie  wet  tuid  dry  bulb  UicrTnomvtvr^  and  of 
hygrnHieter  taken  for  a  long  series  of  yean  at  Greenwich  obwi 
combiued  with  some  similar  obeervaticHia  taken  in  India 
Toronto.' 

According  to  these  tables,  the  difference  between  the 
and  the  wet-bulb  reading  Ifcars  a  constant  ratio  to  the  i 
between  the  two  thermometets,  when  the  temperature  of 
bulb  thennomett^r  L^i  given.     Wben  tliU  temperature  is  53^1 
dew-point  is  aa  much  below  the  wet-bulb  as  the  wet-halb  til 
the  temperature  of  the  air.     At  higher  temperaturee  the  wB 
rviuliiig  is  nearer  to  the  dew-point  than  to  the  air-t«tu[ 
the  reverse  ia  the  caao  at  tcniperaturoe  below  53*. 

426.  in  order  to  obtain  a  clue  to  the  ooastruction 
foruiula  for  deducing  the  dew-]>oint  from  the  indication*  of  lUiJ 
atniment,  we  shall  assume  that  the  wet-bulb  is  ew  placed  ilit' 
temperature  is  not  sensibly  alTected  by  radiation  from  wnawi 
objects,  and   hence  that   the  heat  wbidi   bc<OMnea   latent  Wj 

■  Tlu  flm  odlHofi  of  Umk  T»Uaa  dlSBi  cniuldenlilf  frsm  Um  nut,  (mI  h  m4H 
bgl  Uiere  hM  btn  no  autUrial  kUmmImi  *in«  Die  bkCmI  adUiiai  (l*M). 


»p«iaM|U| 
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■«a|juiatioa  fonn  !U  fiiirfkoc  w  nil  mippliixl  by  the  surrounding  air. 
TOilMin  tbe  temperature  of  th«  wot-bulb  i.t  fidliog,  bviit  ut  bcin^  con- 
mawd  hf  evaporation  faster  than  it  is  supplied  by  the  air;  and  the 
lvm««  i«  th«  case  when  it  is  rising.  It  will  sul^oe  to  consider  the 
QMS  wbeo  H  ia  stationary,  and  when,  consequently,  tbe  heat  con- 
aomad  hy  evaporatjon  En  a  given  timu  ix  exactly  equal  to  that 
•applied  by  tbe  air. 

Let  (  denote  tbe  temperature  of  the  air,  whieb  is  indicated  by  the 
r-bolb  thermoineter;  t'  the  teiuperature  of  the  wet-bolb;  T  the 
apataturo  of  the  dew-poiat.  and  let  /,  /.  F  be  the  vapour-pressures 
atliag  to  saturation  at  these  three  temperatures.  Then,  us 
^  ihown  in  §  418,  t)ic  tension  of  the  vapour  present  in  thi>  air  at  itM 
^ktual  t<-m]N-ratur«  t  in  aUo  cqtuil  to  F. 

^B  We  aball  supjxise  tliat  wind  Li  blowiog,  so  that  continually  fresh 
^^artteos  of  air  oome  within  the  sphere  of  action  of  the  wet-bulb. 
Tb«i  oacb  particle  of  this  air  experiences  a  depression  of  t«inpcraturv 
and  an  increase  of  vapour-prosHureasitcomcsneartbo  wet-bulb,  from 
n  butb  of  which  it  aft4>rwards  racuvcn  a.i  it  moves  away  and  mixed 
j^bith  tLs  guwial  atmosphere. 

J^  U  now  it  is  legitimate  to  assume'  that  this  depression  of  tempera- 
mm  and  vxaltatiou  of  vapour-prt'esure  are  always  proportional  to  one 
aootbcr,  not  only  in  comparing  one  particle  witli  it«elf  at  dlllervut 
■ttiDM,  but  also  in  comparing  one  particle  with  another,  we  have  Uie 
lof  Milvtng  oar  problem;  at  all  wcutH.  if  wc  may  midce  the 
I  aiMitiunal  aaanmptions  that  a  portion  of  the  air  close  to  tlie  wei- 
I  bulb  is  at  the  teiiipcratuni  of  Ute  wet-bulb,  and  is  saturated. 

Ob  these  assuiuptionfl  tbe  greatest  reduction  of  temperature  of  tbe 

l^ii  (—('.and  tbe  greatest  increase  of  vapour-pressure  la/'— F.and 

JUm  cDrreeponding  changes  in  the  whole  mass  arc  prupoitional  to 

I  I^Htt.    The  three  temperatures  (,  f,  T  mtist  therefore  be  so  related, 

■  llie  beat  lo«t  by  a  mass  of  air  in  cooling  through  tbe  range  l—t, 

■JMeqnal  to  iiur  hcjtt  which  becomes  latent  in  the  formation  of  as 

I  vapoor  aa  would  raise  the  vapout^preesure  of  the  mass  by  the 

[««x«tit/-F. 

'  TW  tMiaa|idDn  vhliA  Dr.  Apjnlui  Mlnklly  iimIhs  i*  m  (allov*;— ''VlMnlntll•ml>fa(• 
PAkn•ll■Mrt•r  tb*  autknifj  Mnpcntnrs  la  MUoinod,  tba  odorla  wlilek  TC{ra(4na  th* 
^te  l>  nie— uffly  mmIIj  «c|«d  to  tlut  wbioh  (hs  ur  imfaiU  In  dMotdding  (rom  tlM 
I^iiMmi  «f  Ui«  MMsaphOT*  lo  Ikkt  <f  th*  moblanad  bulb;  and  th«  *lr  whiek  liu 
fc^ewB  tU*  naacUm  bMomcs  Mtnntod  wiOi  nMlttaM"  (T^nt,  K.I.A.  Not.  1834). 
nii  teplivthtf  lU  tb*  kir  vtioh  ii  aSMtad  at  dl  b  affaotcd  to  th*  muimum  nxtrait— 
wrj  liiWii  «n|ipQ^tiea ;  bat  Aagatt  ladc|MBdenll]r  makca  th*  wine  MniatpUoo. 
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Let  k  denote  the  height  of  the  bamiiiet«r,  a  the  ii])ecafle  hi 
air,  D  the  relative  deDsity  of  va{)our  (§  M)G),  L  the  Ut«at 
etOftDi,  and  lot  the  vapour-presaurea  be  exprasaed  hy  colmaia  rf 
nifieuiy, 

'HioR  tho  niiwit  of  tb«  utr  i«  to  that  of  tho  vBputir  rvqairvd  (o  pro- 
duce the  additional  teiuion,  ax  A  to  D  (/'— F),  uid  we  an  to  ban 


or 


/'.j=(».0».^ 


0) 


vhidi  is  tho  required  formula,  enabling  us,  witli  tlio  aid  of  «  taUt 
of  ^'apour-pressures,  to  determine  F.,  and  therefore  the  dew-point  T, 
whtio  the  temperatvires  t,  (  of  the  dry  and  wet  balb,  and  the  heijIitA 
of  tho  boromuter,  h&v«  boon  ohacrvod.     The  nx[NnM5Hiui)  fur  the  rtU- 

tive  humidity  will  bo  y 

Propcrly  speaking, «  denoted  the  specific  heat  not  of  diy  air  I«l  d 
ur  containing  the  actual  amount  of  vapour,  and  therefore  d<-{v[>d> 
to  some  extent  upon  the  very  ulijmvut  which  Is  to  bi>  di-tcnuir^l 
but  it«  variation  is  inconsidurable.     L  also  vnrii-H  with  thv  kiwva 
quantity  (,  but  \i»  variations  ar«  al«o  small  within  tha  Uniita  vUdi 

occur  in  practice.     The  factor  ^  may  therefore  be  regarded  w  (W- 

stanc,  and  its  \-aluc,  oa  adopted  by  Dr.  Apjohn*  for  tho  Fahmbai 

""^^'^S^  ^^  h'h'    ^^  tiiua  obtain  what  i»  known  as  Jyir*'*' 

When  the  wet-bulb  ia  frozen,  L  denotes  the  sum  of  th«  latent  ^ 
of  liquefaction  and  vaporiiiation,  and  ttio  formula  bcOoiiHa 


^-^"■W    So" 
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■  1U*  nine  nat  ImnAeA  on  tha  btat  il»b«iii!ii«tU>M  wUcfc  luul 
Uw  ^wdSc  bmt  t£  air  btdng  Ukcn  u  -807,  the  v»1im  (4iUia«d  bj  DeUncai  mJ 
TIm  «■)•  Talua  WH  (mpUiTail  bjr  B«siiMih  is  bl«  bjgiamCri«al  laaatlptl^ 
■tO)  lUer  d«to  Ihgnwilt  bimMU  ini«rt%atod  the  ipMlllc  he»t  of  >lr  uul  laoJ 
-337.    Whm  tU« ootTWt  *ali»  i*  latrwlMtd  Into  Kct^uult'*  Ihiiwihal  teMv 
b  niMMttkllj  tlie  wmo  m  Apjohn'i),  tha  lUanapukdM  wUdt  bi  (uvarf  to  aal-i 
oklmlMina  and  obMrfaUoi  mc  tnenaMd,  wtd  aanoaBU  «■  •■  aTtngvt  Is  «b 
Mttt  oJ  llw  dWonme*  betauiiu  wet-buib  Mnporvtm  and  dvw-point.    n*  k*'c<« 
tk*t  Uie^auBqitlMiaon  wtildi  the  tboonliaal  tomubB  at*  k«««l  an  di«  aoMiM*  i » 
ilitcnfMiMji  i*  in  tneh  a  diraoliaii  ai  to  larliaata  that  i&lhuHs  ol  boU  la  «■«■  n|id 
■Ull»^<ai  af  T>|wiir. 


Ill 


GHEWCIii.  BtaaOMSTBR. 


I  VMther.  &ih1  «1«o  in  very  tlry  woatlicr,  the  humidity,  na 
ted  Cram  observations  of  wet  aD<i  ilry  tlu'rinoiiu-tpm.  u  gonersUy 
reat,  probably  owing  mainly  to  the  radiation  from  fiurroiinding 
ts  GO  Uw  wet-btilb,  which  makee  its  t«mfi«mttiT«  too  high. 
I.  Okflnieal  Hyfronoter. — The  detenniiiation  of  tJie  qtumtity  of 
Nis  vapour  in  the  atmosphere  may  be  effected  by  ordinary 
}eai  aaalyais  In  th«  following  manner: — 
I  a^intor  A,  of  Ui«  capacity  of  al>out  50  Utruo,  communicates  at 

«iul  with  a  system  of  IT-tubes  1,  S.  3,  4,  5,  6,  filled  with 


4  t 


^ 


■■, 


y 


iieJ 


-     1 


s 


^ 


lit  at— Clnwlcl  HnnntMr. 


It  of  pamice  soaked  in  sulphuric  add.  The  aspirator  being  full 
fkbiT,  tilt  stop^-uck  at  the  bottom  is  opened,  and  tho  uir  which 
p  ihe  aspintor  to  take  the  plaov  of  tho  water  is  obliged  to  pass 
b^  the  tulwa,  whvro  it  leavtw  all  its  moisturo  bohtniL  This 
tare  is  dvpusitol  in  tlio  tint  tuhos  only.  The  Uutt  tube  ia 
kdsd  to  absorb  any  nKPtsturo  tliat  may  come  from  (ho  aspirator. 
|NM  tv  to  b«  the  increaw  of  weight  of  the  tint  tubes  4, 5,  G;  this 
Idently  the  weight  of  tlie  aqueous  vapour  contained  in  the  air 
tt  has  pBS8«d  through  the  apparatus.  The  volume  V  of  Uiis  air. 
jh  we  will  suppwtc  to  b«  ujipressod  in  litres,  may  family  be  found 
■■Muring  the  amount  of  water  which  has  i-MCapud.  Thiit  air 
MB  again  aaturat«d  by  contact  with  tiie  water  of  the  aapirator, 
Im  aqtuous  vapour  oontainod  in  it  U  consequently  nt  tho  maxi- 
I  pnMmre  eorraponding  to  ibf  lempcratiirc  indiealLiI  by  a  thcr- 
K«r  attoclictl  to  tiie  apparatus.     Iiet  this  pressure  be  denoted 
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by  /.     The  volume  occupied  by  this  air  wbtn  in  the  atmc 
wtiere  Uio  tomporuturu  ia  T,  in  known  by  Uio  rv^i^liu'  fonutiL 
have  bevm 


Ual 


jipRmT 


X  denoting  the  pntasun  of  th«  aqueous  vapour  in  tb«  almoepii 
U  the  totiO  atniospherie  pressure  an  indicated  by  the  baromctvr,  i 
since  the  relative  density  of  (iteam  is  '622,  and  the  weight  of  a  1 
of  air  at  temperature  0°  C.  and  pressure  760  mm.  i»  1'2I>3  gran 
the  wuigbt  of  vapour  which  ihia  air  contained  luuxt  ttavo 

H->      l+at  70D     1+aT 

which  must  be  equal  to  the  known  weight  to,  and  thus  we  I 
equation  from  which  we  liii'l 

■"ViH-/)>i'622mI«»  +  «(1*«1)T»' 

A  good  approximation  will  be  obtained  by  writing 


3  gran 
nblffi 


wbcnc* 


s=NS 


V 


Tltis  mctltod  has  all  the  exactness  of  a  regular  cheiaicd  ui^ 
but  it  involves  great  labour,  and  is,  besides,  incapable  of  ihovii 
the  sudden  variations  which  often  occur  in  the  humidity  tf  H 
atmosphere.  It  can  only  give  the  mean  quantity  of  moutuN  ii 
given  volume  of  air  during  the  time  occupied  by  the  oxpMlM 
It«  accuracy,  however,  rcndvnt  it  iK-cuIisrly  siiilAble  for  dmH 
the  results  obtained  by  other  methods,  and  it  was  ao  amploj^  1 
Begnault  in  the  investigations  to  which  we  have  refarrad  in  tlwbl 
note  to  the  preceding  seotton. 

4S0.  Weight  of  a  given  Volume  of  Koiat  Air. — The  Uwt  of  iipM 
and  the  known  formula)  of  exjmtLsiun  enable  ua  to  aolve  a  plUI 
of  very  frcjuent  occurrence,  namdy.  the  determination  of  tliBMiy 
of  a  given  volume  of  moist  air.  Let  T  denote  tbo  volunw  <f  t 
air.  U  its  pressure,/  the  pressure  of  the  nqwitr  of  WBt<-r  in  KtM 
its  temperature.  The  entire  gaseous  mass  may  be  divided  inie  V 
partA,  a  volume  V  of  dry  air  at  the  temperature  t  and  tbt  {>W< 
H— /,  whose  weight  ia,  by  known  ftamulse, 


T>ii-a»x 


i4« 


a-/ 

ISO' 
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volunio  V  of  aquflous  vapour  at  iho  t«nip«nture  t  and  tbo 
/;  the  irei^t  of  tliis  latter  is 


fv'OWxrJi-TM- 


■na  of  tluM  two  weights  is  the  weight  required,  viz. 


VxI-MSk 


1    H-5/ 

l  +  oi*      760 


Batio  of  the  Volumes  ocenpied  b;  th«  same  Air  when  Mtantt«d 
it  Tom  pen  I  a  res  aad  Pressurw. — Supituto  a  iitas»  uf  air  to 
I  proMOoe  of  a  quantity  of  water  whidi  keeps  it  »]way»  saturated; 
:  U  be  the  total  prewure  of  the  saturated  air,  t  its  temperature,  and 
{ ita  volume. 

ut  a  diHerent  temperature  and  prrasure  f*  and  H',  the  volume 
■npicd  V  will  in  general  be  difli^reut  Tlio  two  quantities  V  and 
Y  nay  be  ooitstdered  aa  the  volumes  occupied  by  a  mam  of  dry  air 
lUiDpcraturesfaod  ('and  presauros  H-/ttuJ  H'— /";  wo  have  then 
inhtioD 


0) 


>  from  one  condition  of  temperature  and  preasoni  to  another, 
be  necMaary.  for  tlte  matnteDance  of  saturation,  that  a  now 
tity  of  vapour  should  be  formed,  or  that  a  portion  of  the  v^>our 
be  condensed,  or  again,  neither  the  one  nor  the  other  change 
1^7  t*lt"  place.  To  investigate  the  couditiona  on  which  tlawi  alter- 
tirei  depend,  let  D  and  D*  bo  tlie  maximum  densities  of  vapuur  at 
I  lenperaiurM  t  and  t'  reapectivoly,  Suppose  we  have  t>t.  and 
,  without  altering  the  pmsMore/,  the  temperature  of  the  vapour 
to  f ,  all  contact  with  the  generating  liquid  being  prevented. 
I  vapiiur  will  mi  longer  remain  raturated;  but,  on  increasing  the 
to  f,  keeping  tlie  temperature  unchanged,  saturation  will 
ba  produced.  This  latter  change  docs  not  alter  tlic  actual 
Hitity  of  vapour,  and  if  we  supt><>se  ita  oooffieient  of  ex]iansion  to 
liu  aauto  as  tliai  of  air,  wc  sltall  have 


m 


[  by  multiplying  togetiicr  equations  (1)  and  (2).  we  have 


'rty'B.r-'j' 


m 
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From  this  renult  the  following  pattJcaUr  coDolusioni  mfty  ht  < 
duccd: — 

1.  If  H/=H/',  VD= V'D',  that  U,  the  mass  of  vapour  is  the  i 
m  both  eum;  oonsequvntJy.  neither  cundi'DsatioD  nor  svaponliM 
takes  place. 

2.  If  H'/>  Hf,  VD  >  V'U',  that  i».  partial  coadeontion  ocom 

3.  If  H"/<n/,  VD<V'D'.  that  is,  a  freeh  quanUty  of  vi 
roquirod  to  maiDtaia  saturation.  In  this  case  the  formula 
only  he  applied  when  we  are  sure  tltat  tlieru  la  a  auflicient  a- 
cee»  of  liquid  to  produce  tbe  fresh  quanUty  of  vapotir  whUi  ■ 
required. 

The  general  formuls  (1),  (2),  (3)  funiiah  the  solution  of  aaaj 
partieular  probleum  which  may  ho  proposed  by  selecttog  sou  OM 
of  the  variables  for  the  unknown  quantity. 

482.  Aqaeons  Meteors. — Tho  name  met«4ir,  from  tlie  Grvok  /»"•* 
alofi,  though  mote  especially  applied  to  the  bright  ol^ecta  otbMVM 
nUled  shooting-st&i-s  hikI  their  like,  likewise  includoR  all  the  wJis 
phenomena  which  have  their  seat  in  tlie  atmosphere ;  for  exanpit 
clouds,  rain,  and  lightning.  This  tue  of  tlie  word  m«fmr  i»  iivM 
somewhat  rare;  but  the  oorrelative  tvrm  meUorolpi/jf  m  invi 
employed  to  denote  the  scienoe  which  treats  of  these  phitioiMMil 
fact,  the  MMitos  ofmattem  pertaining  to  vxtithrr. 

By  aqvMM*  rtuttora  are  to  be  understood  tlie  phenomena  wliA  J 
result  from  the  condvnsaUon  of  aqueous  vapour  contained  in  lb  K  < 
such  as  rain,  dew,  and  iof^.  This  condensation  may  occur  ta  lilbtj 
of  two  ways.  Sometimes  it  is  caused  by  the  prvMoce  of  e  eoU  M^ j 
which  reduces  the  film  of  air  in  contact  wiUi  it  to  a  tempmanl 
below  the  dew-point,  and  thus  produces  the  Uqu^-faetion  of  i 
fication  of  a  portion  of  its  vapour  in  the  form  of  dew  cr  I 
frost 

Wn>en,  on  the  contrary,  tlic  condensation  of  vapour  takM  fhflll 
the  interior  of  a  largo  mam  of  air,  the  resulting  liquid  or  mM  i 
in  obedience  to  gravity.    'I'hU  a  the  origin  of  rain  and  now. 

433.  Cloud  aad  Hist. — When  \-apaur  is  oondenaod  in  the  i 
the  air,  the  first  product  is  usually  niwt  or  otmuft  a  dead 
merely  a  mist  at  a  great  elevation  in  the  air. 

Natural  clouds  are  similar  in  cooHtitution  to  the  cloudy  \ 
whidt  pasMM  off  from  the  itirfaoe  of  hot  water,  or  Tt-'i 
pulls  from  tlie  chimney  of  a  locomotive.     In  oomni' 
flubntance  is  often  called  ateen  or  vapour,  but  improperly,  fo 
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tiTiur.  transparent  and  invisiblu,  luitl  th«  appeantnce  in  qucatioo 
luoed  b;  tho  pnnonc*^  of  pnrticlM  of  liquid  water,  which  liave 
\  farmed  &om  vapour  by  cooling  it  below  it*  dow-poiut. 

M  opinions  have  been  put  forward  ait  to  Ihu  nature  of  thute 
.tbcditTereoce  having  arisen  in  the  attempt  to  explain  thinr 
in  Uie  atmoaphere.     Some  have  eudeavoored  to  account 
hy  maintainiog  that  they  are  hollow;'  but  even  if  wo  could 
ttive  of  any  causes  likely  to  luad  to  (Jie  formation  of  such  bubbles, 
Jd  famish  no  solution  of  the  difficulty,  for  Uie  nir  inclotiuJ  in 
kbbl«  te  DO  rariT,  but  in  fact  denser,  than  thv  cxtt-mal  air  (§  IH8) ; 
sbblv  and  Ha  oontenta  are  therefore  heavier  than  tlie  air  which 

b  toure  probable  that  the  particlea  are  aolid  spheres  differing 

in  nxt  from  rain-drope.     It  has  been  urged  against  thU  view, 

«ueh  dnjps  ought  to  exhibit  rainbows,  and  the  objection  must 

llowcd  to  have  some  weight.    The  answer  to  it  is  probably  to 

in  the  exoenive  Bmallncss  of  tlie  globules.  Indeed,  the  uon- 

I  of  bows  may  fairly  be  alleged  as  proving  tJiat  the  dia- 

of  the  drop*  are  comparable  with  tlie  lengths  of  wavus  of 


ti»  MnnllncfB  of  the  particles  is  amply  sufficient  to  explain  all  the 

facts  of  cloud  susponsion,  without  resorting  to  any  special 

J.  It  probably  depends  on  the  same  principle  as  the  suspeiwion 

motes  which  are  rcndt-rt'd  visible  when  a  beam  of  stmliglit 

darlconod  room.    It  i«  true  tJiai  these  motes,  which  are 

partides  of  matt'-r  of  the  most  various  kinds,  are  never  ci-on 

•tationaiy  in  the  air;  but  neiUier  are  the  particles  whidi 

<  doada.     All  who  have  ever  found  themselves  in  mountain 

I  nn>t  have  Ql«terved  the  excessive  mobility  of  their  constituent 

I  which  yield  to  the  least  breath  of  wind,  and  arc  curried  about 

tike  ilie  finest  dust.    Sometimes,  indeed,  clouds  liave  tlio 

of  being  fixed  in  .shape  ami  paiition;   but  tliis  In  an 

diw  to  distance  which  renders  small  movements  invLiible. 

B,  the  fixity  is  one  of  form  and  not  of  material;  for 

,  the  pennanent  cloud  on  a  mountain-top  often  consista  of 

iva  portions  of  air,  whidi  become  cloudy  by  coodenMitiun  an 

ihrougb  tlie  oold  region  at  the  top  of  ^e  mountain,  and 

ter  thrir  trans|)arency  as  they  pass  away. 

I  wfco  ■J<fit  IbU  ibw  mO  Umb  ntifU*  (rrtlta,  ■  bhddaOb  asd  «*tl  mlit  or  olovd 
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434.  V&Heties  of  Olond. — Tlitt  clou.l  iioiuinclattire (;:(>D«ran7 ftdo|itri 
by  mcti-oruioj^tn  wan  devised  hy  Uoward.  &nd  ia  iX(iil«iiii«l  in  hb 
work  OQ  tlie  climate  of  Londou.  Tho  fundutDfint&l  fomui,  B00ordti« 
to  him,  are  three — cirrus,  eumulut,  luid  ntratus, 

1.  Vin-ua  cujuuiite  of  fibrouit,  wittpy,  or  fvatlicr>-  cloud*,  oeeaffjiaf  i 

the  highest  region  of  th  , 
atinoHphere.  The 
nfirea-taUs,  whidi  k\ 
^%'flO  them  hy  nilon 
describes  Uifir  aapA 
well  They  on  hi^ 
thao  the  grestwt  akn- 
tioDs  attained  by  id- 
hnjM,  and  are  profaaUj 

OOUlpOMtl  of    {MUticltBof 

ice.     It  is  in  thiji  tpeOm 
of  cloud,  and  ita  ikn*- 
atives,  that  haloua  are  unually  neen;  and   their  obflemd 
and  dimensiona  ewm  to  agree  with  the  BU|>p<»ition  tluU  tlw^M* 
formed  by  rvfructiuiu  and  rctluctions  fron]  id-'HM^-stab. 

2.  Camultu  coiMists  uf  ruiuidvd  uia«acs,  oonvex  abovv  aod  «■- 

piUKtivoly  (tat  bib* 
Tlicir  form  Inn  * 
stnjii)!;  rsMmbUnoi  I* 
heaps  of  oottiiD  vol 
benee  the  nana  Aatli  if  I 
eoUon  aad  MMl-fH^i 
applied  to  IImm 
bysailon.  Tliejrani 
ciully  pravaleol  b  i 
tner,  and  art  prohl^rj 
f  oniM>d  by  cdIiim*  '  I 
■Aoendisg  vipottrvU^' 

become  cundoivwd  at  their  tipper  extTcmitios. 

3.  Stratm  canidsts  of  lioriKontal  aheeta.    Its  aitiuttioo  U  lov  b  Ai  { 
atmosphere,  and  it»  fumiation  ia  [aobabty  due  to  the  eooling  of  I 
earth  and  the  lower  portion  of  the  air  by  radiation.     It  is  ray  I 
quoDtly  fonni^d  at  nunftot,  and  disappcani  at  sunrisa 

Of  the  intermediate  forms  it  may  sufBcu  to  mention  < 
which  float«  at  a  higher  level  than  cumulus,  awl  rffnriati  ' 
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mall   roundiah  ruums  dUpo««d  with  miun-  .k-prw  of  wgulftrity. 
Thu  ia  llie  cloud  which  fonnn  what  is  knuwii  as  a  matJ^rel  aku. 

Aa  >  diittinct  form  not 
loriwUd  io  Howards 
riHJfloBtioa.  may  bo 
^^nod  msud,  Uio 
sEmctunsUc  of  whidi 
m  (bat,  tioiD  ltd  low  el«- 
wlldn,  it  uf)p«tni  to 
nova      with     exoossiTe 

MiditT. 

^tiowuxl     ^vw    th« 

■anM  of  nim^iM  to  any 

dood  which  in  dij«dtarg- 

ttg  rain:  uid,  for  no  v<>ry  obviout  rcAHOo,  ht^  regards  this  rain-cloud 

■  eompoundMl  uf  (or  inbortnediatv  Iwtwueti)  the  thrve  elemcntanr' 

jpmaJoovt  defined. 

The  eUoaiJieation  ol 
doodt  b  a  sahjoct  which 
laacealj  Bdiniti<>  of  pre- 
te  tnatnieot;  tlte  \-a- 
riitiai  ore  so  endless, 
(nd  Lb«y  shade  ao  gra- 
ifaally  into  one  another. 
4M.  CassM  of  the 
Jon  of  Clood  and 
-8inou  rlftiidi  ar« 
reondeiwvl  vngwur, 

fonuRtiun  iH  rc^tUted  hy  the  cau»eR  which  tend  to  convert 

inlu  liquid.     Sucli   liquefaction  implies  the  pn»ence  (if  a 

Jty  of  vapour  greatcir  than  that  which,  at  the  o^rtual  temj>cra- 

Wiiohl  be  sufficient  for  latiirntioti,  a  condition  of  thingN  which 

r  be  brought  about  by  th«  cooling  of  a  masM  of  uiolst  air  in  any  <^ 

I  ftJlowing  waya: — 

fl.)  By  radiation  from  the  mam  of  nir  t/i  the  i-old  nky. 
!.;  By  the  nuigbbouriiood  of  oold  ground,  for  example,  mountain- 

J. )  By  the  rnoling  effect  of  expannion.  when  the  nia^  of  air  ucends 

rvfpniLi  of  diminiiihed  pressure.     This  coolinj^  of  tli«;  aMc«Dding 

i«  aecompanicd  by  a  coirutpoDding  warming  of  the  air  which 
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(It^MCvud!) — it    may   be    in   mitne   duteDt    lomlitj — -to  flu|i 

pUKV. 

Cati.'we  (S)  AuJ  ('I)  coinliino  to  produce  Uie  exoetwivo  minfall  w 
g«ni.'rally  dinracterUEeti  moimlaiiioux  dUtrict^' 

It  li  believed  that  watf^mpouu  am  pivduceii  by  Ihe  nji 
of  a  stfeam  of  air  up  the  axis  of  an  apriaJ  vortex. 

(4)  By  the  contact  ntiJ  mixtun.'  of  cuok-r  air.'  It  ia  obvioasll 
i5V(ir,  that  thin  <.'(x>lcr  uir  niuat  itself  be  wikrtnod  by  tbv  praoaiB; 
ua  both  tliv  turi)]K^raturi.-  and  vnpuur-d«ni<ity  of  tho  mixtura  «l 
intcriiuriliiiti!  1x.-tw«;cii  tlionu  of  tlitt  two  coinpom'nts.  it  dow  Do(i 
oualy  follow  {iL-i  b(  too  often  hastily  oKtuine'l)  that  such  o^ntaet  i 
Ut  produce  precipitation.  Sudi  in  however  the  fact,  and  it  (1«| 
upon  the  principle  that  the  density  of  saturation  increaAOH  tmt 
tht'  tf-niporature  is  htghm-:  or,  what  is  tho  saino  thing,  that  th«< 
in  which  tompcrRtun;  U  the  absciivta  and  maximum  vapour-da 
the  onlinatti,  is  uwr^'wlivrc  coucu^v  upwards. 

It  will  bo  sutlicirnt  to  consider  the  caae  of  tliv  muung  oC  i 
vuhiniM  of  saturated  air  at  ditfurent  teniporaturea,  whidi 
<lunuto  by  ti  and  ft-  I^et  Uie  onlinates  AA',  BB'  repweol 
densiUett  of  vapour  for  saluratiun  at  I 
tempenkturea,  A'fnB'  being  tlie  tntcnN^ 
portion  of  the  curxx,  and  Cm  the  oidii 
at  the  uuddl«  point  of  A  B,  rvptwoM 
thvn-foru  the  d«u»ity  of  itatiiratioii  for 
UrniiK-iaturc  i(')  +  'i)-  When  Ui«  «qnal  ' 
iitiim  arc-  mixed,  linee  the  coldor  mm 
alt^'htly  the  gn,-ater,  tho  tempatatnn  <i ' 
mixture  will  be  something  le»  ihas  )d+ 
and,  if  there  were  no  oondensalioa  gt  vip 
tlie  density  of  vapour  in  the  mixtun  •■ 
be  )(AA'>f  BB')=:Cn.  But  thv  dvnsity  f or  satturation  iaiaailM 
l«H)t  tlinn  Cm.  The  vxcms  of  vnjwur  hi  thvreforv  rvpmMM' ' 
iKHncthing  more  tlian  nin.  I1ic  amount  aettmlly  precdptli 
however,  be  less  than  this,  since  the  [lorttoii  wliich  in 
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'  Tba  r^nl«rt  {lUn  M  pnavui  kiMint  b  OrMi  Briuio  t*  ahnot  ■  ikIU  i 
UHraU>laCumlMrUnd.w)MmlbeBiiiiii*]tal«i(aUl*abi>«tlSllliicliM.   Tin  nli^lT 
till  w«f Id  U  bdiond  to  bo  Ohem  Ponjoc,  In  tlw  Kkiajab  MoiuUlii^  i 
of  OtloutU,  nhn*  th«  uiniuJ  titl  it  •liiiit  010  tnc^wft. 

'OoaMcl  wilhooolvr  kir  inir  tw  n^triei  m  oqlntatMl  Ui  midngi  |w  • 
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latMit  heat,  and  thus  contribute  to  keep  up  tlie  tein- 

PoC  th«  whole. 

I  CMiM  hem  indicftted  cotiibiiwii  witli  {3)  to  produce  cond(>tisa- 
rbeo  owMWi  of  air  aaccnd. 

the  KorfAM  of  the  earth  inislA  are  especially  frequent  in  the 
ing  and  evening;  in  the  latter  caoe  extending  over  all  tJie  sur- 
in  the  former  principally  over  rivers  and  lakra.  The  mista  of 
ag  aru  due  simply  to  the  rapid  coolliig  of  thi>  air  after  the  beat 
Hkn  has  been  withdrawn.    In  the  morning  another  cause  is  at 

The  great  apedfie  ht-ot  of  water  cauma  it  to  cool  niticli  more 
r  thaD  Iho  air,  «o  that  tlio  va{>our  rising  from  a  body  of  wiiter 
I  into  a  colder  medium,  and  is  there  partly  condensed,  forming 
t,  which,  however,  oontinea  it&elf  to  the  vicinity  of  the  water, 
t  aoon  dissipated  by  the  heat  of  the  rising  sun. 
L  HaiD.— In  what  we  hare  stated  regarding  the  constitution  of 
m  It  ui  implied  tltat  clouds  an-  always  raining,  since  tlic  dn>p»i 
ieh  they  ar«  c<pnipo»<->l  (ilwayn  tend  to  obey  the  ai-tion  of  gravity. 
JDUmueh  BH  t)H>n'  'm  u.ittally  n  non-.Hatut«t«d  region  interA'cning 
MM)  the  cloutk  and  the  surface  of  the  earth,  these  drops,  when 
mall,  are  usually  e\-aporated  before  they  have 
to  reach  the  ground.  Ordinary*  nun-dropn  are 
d  by  the  ooaloacing  of  a  number  of  these  smaller 
iIm. 

tb«  amount  of  annual  minfnll  at  a  j^iwn  place 
int  the  depth  of  water  that  would  be  obtained 
the  nin  which  falln  there  in  a  year  were  ool- 
I  into  one  hnrizonal  shent;  and  the  depth  of  rain 
falla  in  any  given  shower  is  similarly  reckoned, 
the  depth  of  the  pool  which  would  be  formed 
t  ground  were  perf<.-ctly  horizontal,  and  none  of 
Vtttf  oould  get  away.  The  in.strument  employed 
■(•noining  it  ia  ealle<]  a  rain^avgf.  It  has 
H  fbms,  one  of  which  is  represented  in  the  ad- 
Ig  figure.  B  ia  a  funnel  into  which  the  rain  fulk. 
mm  which  it  trickles  into  the  remrvoir  A  It  is  drawn  otf  t^ 
I  stopcock  r,  and  measured  in  a  graduated  gli 
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an  Dm  MbytM  of  nln  ud  iu  n««Mt«BM«  b  Mr.  S^oaa'  Uttl*  (MtOlM 

JUn.     Ur.  Sjiuoaak  who  It  at  tlw  bead  ol  ma  lunwinM  oerpi  ct 

of  nln  In  kit  fkula  of  Uw  United  Kingston,  kIm  pnliUilMi  m  tawmt 
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Tbc  form  rocoDuneitdecI  for  use  in  ordinary  locftliUoB  fay  Hr.  G,  i. 
Synioiut  th«  bc«t  auUiority  on  the  8ii)>j<^,  is  called  the  Snowdoo 
gauge,  and  is  ropr«8ent«d  in  Fig.  280.  Its  ti^  ia  a  cylinder  willia 
shaip  edge.  A  funnel  is  soldered  to  the  inside  of  ihin  cyliadtf  il 
tbe  distance  of  about  one  diameter  from  the  top,  and  the  nedc  of  Ikt 
funnel  descends  acorly  to  the  bottom  of  a  bottJe  which  serva  ii 

reservoir.  A  seoond  cjMaitl. 
dosed  below  and  jwit  largeakotgk 
for  the  first  to  be  alipped  owi^ 
contains  the  bottle,  and  ii  bU 
in  it«  place  hy  four  stakes  drim 
into  tlio  f^und.  The  upp* 
cylinder  wiili  ito  attacbfld  faanl 
is  slipped  over  tlio  bwer  oofciod 
pushed  down  till  ita  fmttff 
descent  is  stopped  by  tjie  ria  «f 
tlio  funnel  meeting  the  vd^;*  of 
the  lower  cylinder. 

The  height  of  the  iMritinn 
surface  above  the  groand  t»  1  toai. 
and  its  diameter  6  inches.  Tht 
graduated  jar  reads  to  huixlndlbi 
of  an  incli,  and  mea^ra  uf  l> 
half  an  inch.  Tlie  bottle  buUi 
aliout  S  inches  of  nin,  aad  ■ 
tlie  rare  case  of  a  fall  exceeding  that,  the  excen  is  mvm)  bf  ik* 
lower  c}' Under. 

Snow  can  be  measured  in  either  of  the  following  ways:^ 
{].)  Melt  what  is  caught  in  the  gauge  by  adding  to  tha  umpvi 
previously  ascertained  quantity  of   warm   water,  atwl  thea,  sAv 
deducting    this  quoJitity   from  the   total    iiieainirament,  tattM  Iki 
residue  as  rain. 

(2.)  Select  a  place  where  the  snow  has  not  drifted,  innn  At 
upper  cylinder  with  its  attached  funnel,  and,  turning  it  ronodttl 
an<l  melt  what  is  inclosed. 

It  i»  essnuttal  ttuit  the  receiving  surface  should  be  truly  boriaortdt 
otherwise  the  gauge  will  catch  too  much  or  loo  little  aoootdnif  ti 
the  direotjon  of  the  wind. 

The  Itcst  place  for  a  nin-gauge  is  the  centre  of  a  level  and  offl 
plot;  and  the  height  of  its  receiving  Kurfacu  sltould  be  not  Isa  tkn 
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•t  to  ftvoM  in-KfiliuJiing.     TIte  roof  of  a  house  is  a  biul  plftoe 
t  uf  Uiv  ««l<ti«  whklt  abouud  tticrv. 
[A  ein:uinMtJin««  which  ha^  not  yet  been  fully  explAJiwd  is  that  ths 

;hvT  n  t^augi:  ia  above  the  ground  the  Iras  rain  it  c^tdieR.  In  the 
of  i;ftu^t»  on  the  top  of  pules  in  au  open  Eituatiim.  tJte  amoont 
atllivUNi  ia  diminisbM]  by  g^tli  part  of  itaolf  by  doubling  th«  hi-igbt 
ijf  this  rKvi^'ing  aurfaco,  as  shown  by  coiii{>ariiig  gauges  in  the  Munc 
{»loC  u(  {tround  at  hiujjhtd  ranging  from  G  indi«s  to  20  feet.' 

By  muaiu  of  tipping-buckete  and  other  arrangements,  automatic 
twoords  of  ramfaU  ore  obtained  at  the  principal  obaervatoriee. 

Tbc  »oan  annual  rainfall,  according  to  Mr.  fjyiuona,  is  20  incfaw  at 
LitK>iln  and  Stoiuford;  21  at  Aylesbury,  Bedford.and  Withom;  24  at 
JLeadou  and  Edinburgh;  30  at  Dublin,  Perth,  and  SaliKbur^-;  33  at 
Bnter  and  Clifton;  95  to  SG  at  Liveqiool  and  Uaudtester;  40  at 
Qlaagow  and  Cork;  fiOat  Oalway;  (!4at  Greenock  and  Inverary;  86 
at  ttontiiiMr ;  01  on  Bi>nlniiioiidi  and  upwards  of  ISO  inches  in  some 
part*  of  Uie  En|,'lifil)  lake  distncU 

437.  Baow  and  Hail. — Snow  is  prolubly  furiiiL-d  by  th«  direct  pes- 
mga  of  vapoar  into  the  wilid  st«te.  Snow-flakoa,  wbcD  oxamiuod 
Dndor  the  microscope,  are  always  found  to  bo  made  up  of  elements 
pt—M^ing  h(<xagoiiiil  eynmietry.  In  Fi^.  2h1  are  depicted  various 
fontu  obwrred  by  Captain  Soorwby  during  a  long  sojourn  in  the 

thnao  cold  oountrivii  the  air  is  often  fillul  witli  Htnall  crystalit  of 
which  give  riM  to  tlie  phenomena  of  haloes  and  jmrlielia. 
lUoil  ia  probfthty  due  to  the  freeang  of  raiii-dropH  in  tbeir  passage 
;h  etrata  of  air  colder  than  tfaosu  in  whieti  ibey  were  formed, 
io  fine  suniiniT  wt-atlivr,  n  {n^vyAng  t«n)])eraturc  exists  at  the 
lit  of  from  10.000  to  20,000  feet,  and  it  i»  no  unuAual  tiling  for 
'  stratom  to  underlie  a  wanner,  although,  as  a  general  rule, 
t^m^irniture  ditninisbra  in  aaoending. 
t4S8.  Dow.— By  this  name  we  denote  those  drops  of  water  which 
•rd  in  tbi'  iTiomiog  on  the  leavm  of  plant»,  and  ar«  espL-cially 
ible  io  dpring  and  autumn.    Wo  have  already  seen  (§  432)  that 
duen  aiAfi^.  as  it  ut  not  formed  in  tin-  atinofiphere,  but  in  von- 
with  tlie  bodiea  on  whidi  it  appean,  lieing  in  fact  due  to  tlieir 
toolin;;  after  the  tnia  has  sunk  below  tJie  horizon,  when  they  lose 
by  radiation  to  the  sky.     Tlie  lowering  of  tcmikcraturo  which 
I  occaia  ia  much  more  luarkcd  for  grofis,  stones,  or  bare  earth  than 

■  Till*  >tl«>n  tram  tint  Ubie  in  Rjiduiib  db  Aiia,  p,  16. 
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Um  air,  wlion  ndiatin^  powi-r  is  considerably  lesa.    Tlie  con- 
ih  ft  aimtdemlile  ditteri^nce  of   t«iii)Hirature   between  the 
uf  tko  i^ouikI  and  the  air  at  the  height  of  a  few  feet,  a  dif- 
'  '•.'h  is  found  hy  obMi'^atiun  to  amount  somuliiiivM  tO  6*  or 
.(  U  tliiH  which  ukUKiMttliv  di'iHMiition  of  <luw.    'lltesurfaoo 
coitli,  ««  it  gmdually  oooU,  low«t»  tlie  t«n)i>eniture  of  tht' 
it  air,  wliicli  tliu.s  Wcomes  «at«rat«d,  and,  on  furtlii^r  cooling, 
I  up  a  jHiiliuii  of  itA  vapour  in  Uk  liquid  tonn.     If  the  («uipera- 
ot  the  Mirfoo*  falls  below  0°  C,  the  dew  is  frozen,  and  takes  the 
r-fiimt, 
I.:.;  to  tliifi  tlicoiy,  it  would  appear  that  the  quantity  of  d<.-w 
d  upnn  a  bmly  ahould  incrcasf  witli  the  radiating  jMwer  of 
r.  oim)  u  tUi  itK  insulation  from  the  earth  or  otlier  bodien 
ieh  it  inij^hl  rvceive  heat  by  conductitm,  both  which  con- 
rdtwi-iiL*  arv  v«rifit><l  by  obaervaticHi. 

T  mt  'if  deposition  depends  abo  in  a  great  measure  on  the 

iT<  _  '.[nvtun.'  to  tJke  sky.     If  the  body  Ls  partially  scrpenod,  it« 

II  and  cnnot^uc-iit  cooling  ore  clteckrd.     Tliis  explains  tliP 

whii-Ii  in  ri>miti<>n  witli  gar<lemr»  of  employing  Hglit  oovcr- 

pruLect  plants  from  fro«l — covering*  whidi  would  be  utterly 

teM  a«  a  |>rot«ction  again-st  the  cold  of  th«  surrounding  air. 

itnt«N  I'f  th(<  dew  GO  cloudy  nights  is  owing  to  a  similar  cause; 

^iw.  ir  lly  wlion  ovorhLiul,  acting  as  Bi-rvcnH. 

II  of  d(-w  in  favoured  by  a  slight  motion  of  the  atino- 

wliiidt  caUMa  tbo  lower  H^rata  of   air  to  cool  down  mora 

».i,tr^    i,,,t  if  tho  wind  i«  vm-  high,  tlie  ditfori>nt  strata  ar«  so 

1  that  vury  little  of  the  air  is  cooled  down  to  ito  dew- 

||0  dupoxit  is  Bocordin[;ly  light.    When  the^e  two  obfttadee 

■  .    '-i,  uamuly  a  high  wind  and  a  cloudy  iiky,  ther«  is  no  dew 


uuiBi   naiin — uiuiiNTn^ — \w  usv 
■0  twently  eoEo^^^^^  Wm,  Tbowaon)  meaAureti  the  («n- 
eqwdisalum  of  Umperalure.  which  varies  directly  aa  con- 
f.  had  inversely  eh  thv  tht^nnul  c»]iucity  of  unit  volumo  of 

eompAre  thn  times occupiuil  by  twot^iuU  iind  aiiitilar  bo«1im 
froDi  tli«  wuii«  iniU&l  distribution  of  temperature  to  tliv 
difttributioo,  these  time*  will  bo  in  the  inverse  ratio  of 
Wivititn.  If  Uto  diffuiuviUeH  are  equal,  the  times  will  be 
And  in  this  case  the  qtianlitiea  of  heat  gained  or  lost  by 
portiuas  of  tbe  two  bodies  are  directly  as  the  thennal 
ten  of  equal  volumes.' 

DaflBitlon  of  Condnctivity. — In  order  to  give  an  accurate 
DO  of  conductivity,  wo  must  Kupposo  a  plato  having  one  face 
iform  ti.'nipi^ratun;  t<j,  and  tlie  other  at  a  higher  uDiform  tern- 
»  t^and  wo  miiHt  8upi>0M  ftll  parte  of  the  platv  to  havo 
1  their  pemuuient  toinccraturci^  Then  if  2  denote  thu  t]iick> 
the  plate,  an<l  it  tJie  conductivity  of  the  sulwtanre  of  which 
iposed,  the  quanUty,  Q,  of  heat  titat  tlows  through  an  arc«. 
ia  tbe  tiitie  t  will  bo 

vity  may  be  detIno<l  as  tJie  quantity  of  heat  tital 
:h  unit  area  of  a  iilate  of  unit  tluckoc 
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When  the  unit  of  liuit  omployed  in  tli«  KekcnuQ^  is  tli«t  wUdi 
raises  the  teniperatiire  of  unit  voiuDie  of  wat«r  by  i'  (m  unit  wluck 
is  practically  tk«  same  as  the  gramme-degree),  the  conductix'ity  k  mff 
be  defined  a^  Urn  thichneat  of  a  stratum  of  water  whicli  would  be  niwi 
1'  in  temperature  by  the  heat  conducted  in  unit  time  thrungb  a 
plat«  of  the  subatuicc  of  unit  thickuraw  having  1°  of  diffareoM  !>■ 
tween  it«  faces. 

If  for  the  words  tki<hMiii  of  a  ii(i-atum  of  water  we  substituH 
tjiicknete  of  a  etratum  of  ttit  tmbstance,  we  have  the  deluutioo  d 
diffuaiviti/. 

The  thicknesses  of  the  two  strata  will  evidently  be  invently  m 
the  thcrmaJ  capacities  of  equal  %-oluinee.  But  the  thcnnml  ctfuHj 
of  unit  volume  uf  water  is  unity.  Hence  the  "  diflbsivity  "  ii  ttfmi 
to  tlio  "  conductivity ""  divided  by  the  thermal  capacity  of  unit  nt- 
ume  of  the  subitance.  If  this  themal  capacity  be  denoted  by  c. »« 
have  c=^sd,  where  »  denotes  thespecitic  heat  (or  Ihenual  capacity  of 
unit  mass)  and  d  the  density  (or  utaas  of  unit  volume),  and  tJw  iil- 
fusivity  ( 18 


W 


Strictly  spcfvkinj^.  k  in  eijuntioDS  (1),  (2)  la  Ute  mf<m  emuta^'^ 
between  the  two  temperatures  t^,  t%  and  the  conductivity  at  w; 
temperature  v  will  be  what  Ic  becomes  when  v,  and  »|  an  "ij 
nearly  equal  to  each  other  and  to  v.  The  fact  that  eoixIiKtrr']' 
varies  with  temperature  was  discovcn-d  by  Korbc«.  He  txMoi  ^ 
a  Mpccinicn  of  iron  which  bad  a  conductivity  '207  at  0*  C  Iiail  <o'!F 
a  conductivity   124  at  27.V  C. 

443.  Effect  of  Change  of  Unite.— In  the  C.Q.S.  iCtntinnArr-Otma^ 
Second)  system,  which  we  have  explained  in  Part  I.  §  !j7,  Aif^' 
pressed  in  square  centimetre,  x  in  centimetres,  and  Q  in  gnB» 
degrees.  It  is  immaterial  whi-thcr  the  degree  be  Ceotigiwl** 
Fahrenheit;  for  a  change  in  the  lengtli  of  the  degree  will  affcrt  tt* 
numerical  t&Iu«s  of  Q  and  of  t^— 1<]  alike,  and  will  leave  the  innx'' 

ic&l  value  of  — ^~,  and  hcnco  of    .  ,-—.,,  ori  unaltarodl 

To  find  the  eiTect  of  changes  in  the  units  of  lengtli  and  ttoK,** 
most  note  that  if  the  unit  of  length  be  x  centlmetrea,  tba  iiBit<' 
•KA  will  be  3?  square  centimetres,  and  the  unit  of  maai,  bMug  l^ 
nun  of  unit  volume  of  cold  water,  will  bo  a^  grunmeo.  The  i 
unit  of  heat  will  tlicreforo  be  x*  gramme-deg 


bW  b«  Jf,  or  ^. 

to  redooe  ooDductivideM  from  tfao  new  scale  to  the  C.O.R. 

t  most  inuUi[>ly  tliom  by  -;  and  tbe  same  rulo  will  apply  to 

ities.  f>in<«  the  ^{UAnlity  c  in  e(|iiation  {3)  being  tho  ratio  of 

El  capacity  of  tJio  BiibstarH-'c  to  that  of  water,  bulk  for 
cpendcnt  of  units. 
atratioofl  of  Condootion. — Thv  following  experiments  are 
td<luc<.<<]  ill  illustration  of  the  ditFcrent  condueUng  ood  difluaing 
of  diflcrvnt  nietala. 

bftit  of  th«  name  Hize,  but  of  different  metalfl  (Ti;.  28S),  are 
ntd  to  end,  and  small  wooden  balls  are  attached  by  wax  to 


n»  ai-iuat  ihiMi  (« 


■r  tnrfacf*  at  i!<]Ub1  <liittAnccR.    Thv  bara  aro  then  hi>Rt<.-d 
eoBtiguouN  eod«,  and,  lu  tin;  li<»t  extvndii  along  them,  tlie 
uvety  drop  off.     If  the  conditions  are  in  other  ropoettt 
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Fit-  Wl— tii(anlKiiut*i  Appomu 


boiling  water  or  boiling  oil,  which  coni«8  into  contact  with  th«  iiutr 
ends  of  thurods.     Thu  wax  gradually  melts  as  the  heat  travels  alui 

the  rods.  Tlie  urler  in 
which  tlu'  mwlting  bq^ 
is  Uiu  unitir  of  tbs  ^• 
fwuvitici  of  th«  niitals 
eiiiiiloyed,  ant!  when  il 
lias  reached  ita  limit  (if 
[be  t«mper&tura  of  iki 
litiuid  be  tnAiittaim^i  ooa- 
HUtnt)  tlie  urder  oJ  tii 
lengths  melted  is  the  order  of  their  oonductivitiea. 

449.  HetaU  the  Best  Conductors. — Metals,  thou^  difleriog  eoo- 
siderabty  one  from  another,  are  as  a  class  gn»tly  superior  botb  in 
conductivity  and  diSuaivity  to  other  subotanoeit,  such  an  wood,  maiUr, 
brick.     This  ox[>lain8  several  bmilinr  plienomeoa.     If  Ilia  haod  bl 
placed  upon  a  mutal  plate  at  the  lentperatuie  of  10*  CX,  or  phtngwJ 
into  tnercury  at  this  tcinpcmtiiru,  a  very  marked  sematioD  at  tuH 
is  experienced.     This  sensation  is  lists  intense  with  a  plate  of  vtuti' 
at  the  same  temperature,  and  still  less  with  a  piece  of  wood    Tit 
reason  ia  that  the  band,  which  is  at  a  higher  tempenture  Han  th 
substance  to  which  it  ia  applied,  gives  up  a  portion  of  its  beat,V">o) 
is  conducted  away  by  the  subdtance.  and  consequently  a  largcrpf* 
tion  uf  hmt  is  partvd  witb.  and  a  more  marked  sensatioo  4<  ait 
exi>eriencvd,  in  the  case  of  the  body  of  greater  ooaducting  fawm. 

446.  Davy  Lamp. — The  conducting  power  of  mcl4ik  rxplsim  <*• 
carious  projwrty  possessed  by  wire-gauze  of  cutting  otTa  flaaa  U 

for  BxamplA.  a  pi*" 

Tl  of     wire-giM*  *• 

^■■ffiHBMy      plactH]  above  a  jl*  * 
^Hmmm^      gas,  tlw  Ilanv  i>  P** 
veuted    botD  ^ 
H  above  lb*  gaosB.  " 

-^  the  gw  b.  M  •^ 

■nr  lowed  toiMUithM^ 

I  till?  gauze,  and  Ik* 


nc  tti^cUin  ot  wit»«MM  sa  noM 


lighted    abort, 
flame  is  cut  off  I 
the  burner,  and  is  unable  to  extend  Itself  to  tbo  under 
the  gauze.    Those   facts  depend   upon   tbe  eonductii^i   puwtc  d 


wutK-aAirze. 
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iOM,  in  virtue  of  wtiiclt  Hit  heat  of  Uie  flame  is  Tapi<ll7 
Rt  tlio  points  of  couUct,  thu 

idng  a  diminution  of  U.-iiipvraturv 

it  lu  [irevent  igoitinn. 
propertir  of  metallio  g&uze    has 

roud  to  account  for  various  pur- 

mt  iU  most  tiseful  appUcatiuu  is 

nfuty-lauip  of  Sir  Humphry  Davy. 

■roll  known  that  a  gnu  called  firt- 

laften^venoffincual-tDiji^s.   Uis 

mod  of  carbon  and  hydrogen,  and 

[•  ingredient  in  ordinary  coal-gaa. 

fire-damp,  when  mixed  with  «ight 

tiliUB  its  volumo  of  air,  oxplodtis 

«at  violvnctt  CO  coming  in  contact 

lighted   body.    To  obviate  tJilt 

Parj    invented    thu    safety  - 

whkli    ia     an    OTdinar>'     lamp 

le  HaiDe  incloned  by  wire-gauxe.    Tlie  explosive  gaees  pass 

I  Ills  gauze,  and  burn  in- 

I  lamp,  in  such  a  manner 

ram  the  miner  of   thoir 

t;  but  the  tiamo  is  unable 

through  the  gaum;. 
Walls    of    HottiN.— Tlie 

ilgv  of  tiw  rulativc  con- 
powmi  of  dilfufont  bodiiti 

eral   important  practical 

ions. 

>Id  countries,  where  the 

odoced  in  thu  interior  of 
abould  bo  ah  far  as  pus- 

rovantod    from  escaping, 

Ua  should  be  of  brick  or 

•rhich   have    feeble  con- 
powers.     If  they  are  of 

rfaieb  is  a  better  oonduc- 

graater  thickness  ia  re- 

Tbick  walls  are  abo  useful  in  hot  oountrien  in  resisting 

er  u(  the  solar  rays  during  the  heat  of  the  day. 

IT 


tit  «a-k»4umM. 
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We  have  already  a]luded  (§  3.11)  to  the  advanta^'e  of  eraplojiag 
fir&-brick,  wliich  ia  a  bad  conductor,  as  a  lining  for  stoves. 

The  f«oble  conducting  power  of  brick  has  ted  to  its  enpl^jmenl 
in  the  construction  of  icL-huuM-i;.  Tli«80  are  round  pits  (Fig.  SMi. 
generally  frum  ti  to  tl  yar^ls  in  disuieber  ftt  top,  and  aa«ii«ir)iM  ll■^ 
rower  at  the  bottom,  where  there  is  a  gmtiiig  to  allow  th«  caeftp*  (I 
water.  The  iiiHi<le  in  lined  M-ith  brick,  and  the  top  ia  eo<rend  witt 
straw,  whid),  a^  we  itliall  shortly  iiee,  is  a  bad  condoctor.  In  cnht 
to  diminish  as  much  as  poKiible  tJie  extent  of  surface  expoaed  to  Ik 


nc  m.—Xan^Um  O-Mm'f- 


ax^aa  of  the  air.  the  (Wparote  piecn  are  <U]iped  ia  waM 
depositiag  them  in  the  ioo-hctwe,  and,  by  their  subsequent  fr««( 
together,  a  solid  tnasg  is  produced,  capable  of  remaining  onadu' 
for  ft  very  long  time, 

448.  Norwefrian  Oookins-box. — A  curioos  application  of  the  W 
conducting  powi-r  of  felt  b"  tii'caaionally  to  bo  seen  in  the  north  d 
Europe  in  a  kind  of  self-acting  cuuking-box.     This  ia  a  box  Usaii 


BELATIVS  CUKDUCTlVlTtBS. 
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(witli  K  thick  Uiy«'r  of  tvli,  iutu  w>iicli  fiU  a  mptallic  dbh  with 

Th«^  duti  is  Uieti  covcrt-d  wiUi  u  cushioQ  of  felt,  .10  as  b>  be 

Btaly  sufTOunded   by  a  substance  of  very  feeble  oonducling 

Tiw  method  of  employing  tlie  i^[>a.r&tus  is  as  follows: — The 

whidi  it  is  desired  to  cook  is  plsoed  along  with  some  water  in 

dUh,  the  whole  is  boiled  for  a  short  time,  nnd  then  tnuutferred 

I  the  fire  to  the  box,  wbero  the  cooking  is  oompletetl  vdtitoui  any 

apjAicatum  0/  heat.    The  resistaoce  of  the  stutHng  of  the 

to  the  escape  of  heat  is  exc«ediii^ly  gniat;  in  fact,  it  may  be 

own  that  nt  the  end  of  three  hours  tho  tvniporaturc  of  the  water 

ETiillen  by  only  about  10*  or  I.')"  C.     It  has  accordingly  nimainod 
ag  all  tliat  time  sufficiently  high  to  oonduet  the  operation  of 
.     iog. 
449.  Bxpenmoatal  Det«nni]iation  of  Conductivity. — Several  ex- 
enters  have  in  vest  i;^  ted  the  conductivity  of  metals,  by  keeping 
ndof  a  metallic  bar  at  a  high  temperature,  and,  after  a  sufficient 
of  time,  obeen-ing  tlw  pemuucot  t«mperature»  assumed  by 
It  [lointK  in  itA  k-ngth. 
the  bar  is  00  long  that  its  flirtlicr  o-nd  m  not  aenaibly  warmer 
the  auiTOundfaig  air,  and  if,  moreover,  Newton's  law  of  cooling 
(1)  be  amumed  true  for  nil  p«rt3  of  the  surfaci!,  and  all  parts  uf 
MTtion  bo  oHiimed  to  have  the  name  temperature,  the  oon- 
tivity  being  ahtu  a^umed  to  be  independent  of  t]ie  temperature, 
n*  ea^y  Hhowti  tlmt  the  t«mperatureH  uf  the  bar  at  equidistant 
ita  is  itM  length,  beginning  from  tho  ht«t«d  end,  must  oxcc«d  tliu 
lierio  tempeiaturu  by  amounts  fumiLug  a  deercAiut^  goomotric 
Wiedemann  and  Franz,  by  tlio  aid  uf  the  formula  to  whieh 
MOmptions  lead,'  computod  the  relative  conducting  powers  of 
of  tho  metala.  from  cxperlmentH  on  thin  lars,  which  werv 
£ly  heated  at  one  i^nd.  thi.'  temperatui'eji  at  various  ])uint«  in  the 
boing  det«nnine<l  by  means  of  a  thermo-electric  junction 
to  lb«  bar.     Tlie  following  were  the  mtulbt  tlius  obtained:— 


OaU.   . 


Xlmt, 
Tki, 


Ekutivb  Cusqultiim  tVwcm. 
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PUtlnuin, 8*1 

FalUdiuM, «4 

UfamvUi, 1-t 
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The  abadute  eonduetivity  of  wrought  iron  vru  inv«sttg»t<>I  witli 
great  care  by  Principal  Forbes,  by  a  raulhod  which  avuttldl  somed 
tb«  questionable  asfiumptiona  above  enumerated.  The  end  of  tkt 
bar  unw  heated  by  a  batii  of  melted  lead  kept  at  a  aaiform  tempen- 
iure,  (tcreens  being  interpooed  to  protect  the  rest  of  the  bar  hton  Uh 
beat  radiated  by  the  bath.  Th«  tompcratuies  at  oUivr  points  wen 
observed  by  mutna  of  tht-rmuuieturK  inm^rt^-d  in  email  holes  drilled 
in  the  bar.  and  kept  in  metallic  contact  by  fluid  inetal.  In  ordorta 
det«rmino  tliv  loas  of  hwt  by  radiation  at  ditlerent  tenptumtum,  a 
precisely  »>iinilar  bar,  with  a  thermometer  inserted  in  it,  waA  nund 
to  about  the  temperature  of  the  bath,  and  tlie  tjmee  of  cooling  dova 
through  diflereiit  ranges  were  noted. 

The  conductivity  of  one  of  thi>  two  bars  cxporimeDted  on.  nriid 
from  01337  at  0'  C.  to  -OOSOl  at  27ft*  C,  and  lb*  oorrvepaodiDK 
numbers  for  the  other  bar  were  -00992  and  -00724,  the  units  iMtof 
tJie  foot,  Hit!  minute.  th«  degree  (of  any  scale),  and  the  fiwt-dtgm' 
(of  thft  Kanu!  locale).  In  l>oih  iuAtaiicea,  the  conductivity  dagiawil 
regularly  with  increase  of  temperature. 

To  reduce  these  results  to  the  C.G.S.  scale,  we  must  (m  dirMlsi 

in  §  443)  multiply  them  by  -,  where  x  dunot«s  the  number  of  mob- 
metres  in  a  foot,  or  S0'4S,  and  ( the  number  of  Aucond^  in  a  aiioBlt; 
J  will  tbvrcfori;  be 


The  reduced  values  will  therefore  be  as  fo]lows^- 
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450.  Experimental  Determination  of  Diflbalrity. — ^Absolnte  dcf 

minations  of  the  dilFusivity  c  or  -  for  the  soil  or  ruck  at  thmtMl* 

ities  in  or  near  Edinburgh  were  iiumJc  by  Principal  Forba  ud  Sk 
Wdl  Thomson.  They  were  derive<l  from  ob«or\-atjona  on  tl»  Mv 
perature  of  the  soil  as  indteated  by  thenuon>et«n  baxnntt  ttwir  h^ 
buried  at  depths  of  3,  6,  12  and  24  French  feeL  The  anuial  tuff 
of  temperature  diminiithed  rapidly  as  the  depth  increased,  ud  lb 
diminution  of  range  was  occumpanitrd  by  a  retardation  of  lbs  (b« 
of  maximum  and  minimum.  The  fn-eater  the  diftlisivity  thi  ■ 
slowly  will  the  range  diminLfh  and  the  Itss  will  Ui  Um  ratuditta 

■Ste  jSSL 
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ptiBM.  By  •  proe»!i  <J«KTib«cl  in  note  C  at  the  end  of  tins  chapter 
tfav  vftlae  of  «  was  deduced;  and  by  combioitig  thk  with  tho  valu* 
of  e  <the  product  of  specific  heat  and  density),  whicli  wm  dct«nntn«d 
bf  Begnaolt,  from  laboratory  experinitMitB,  the  valiio  of  k  or  c*  was 
foimd.    Th«  following  are  tbo  result*,  cxprwuswi  iti  the  C.O.S.  sode: — 


EttnuMtjr. 


tor 

OnidlulMl)r. 

"hap  mek  o(  C*ltc«  Oil],  .^ -00766    -0OU6 

SMdotEip*tiiD«tmlG»nlM..,.„.„ •0087S     -00M3 

(iMkditan.  of  CnlRMUi  QuuTT -OMll     -OlOM 

Suoilar  obBervntioDs  made  at  Qrecnwicli  ObecrvatoT^-,  and  reduced 
by  the  editor  of  Hm  proHcnt  work,  gave  -01249  aa  the  ditfiutvity  of 
tb*  provi-l  of  Onsenvrich  Oh*ervatory  Hill. 

A  method  l«L<te<l  tipon  nimilar  principlen  luui  icince  beea  emplt^ed 
by  AngntroiD  and  also  by  Keiiniann  for  laboratoiy  experiinests;  a 
faar  of  the  Euhstanoe  under  examinatioti  being  siibjeete^l  to  regular 
poriodical  variatioDS  of  teuipi-ratui-e  at  one  end,  and  the  resulting 
periodic  variatiom  at  otlier  points  in  its  lcn;^h  hciug  observed. 
Th«M  gave  the  nMana  of  ralciitnting  the  diffusivity,  and  then  olsur- 
vatiorM  of  the  .specific  heat  and  density  gave  the  conductivity.  The 
following  oonductivitio8  were  thus  obtained  by  Neumann: — 
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431,  Condnctitity  of  Rocks.— The  following  values  of  thermal  and 
Ibannontclnc  conductivity  in  CO.S.  unite  arc  averages  based  on  the 
ucpmoieots  of  Profoasor  Alexander  Heraclicl. 
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4SS.  Coadaetln;  Powera  of  Liquida. — With  the  exception  of  mer- 
I  earj  and  uUter  Rielted  metala,  llguida  are  exceedingly  bad  oonduc- 
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tora  of  Iicnt.  ThU  can  be  shown  by  lieatJng  Ui«  uj>p«tr  put  of  • 
coluinn  of  liquiil,  ami  observing  the  v&rmtioDfl  of  t«iiii>erature  btfe*. 
Tlicse  will  be  found  to  be  scarcely  perceptible,  and  to  be  very  slovljr 
produced.  If  the  heat  were  applied  below  (Fig.  2^8),  we  should  hm 
Uie  ptocties  called  convection  of  heat;  the  lower  layera  of  liquid  wooU 
rise  to  the  surface,  and  be  replaced  by  othcns  which  would  riM  in 
their  turn,  thim  producing  n  circulation  an<l  a  general  heaUag  of  tk 
liquid.    On  Uic  other  luind,  when  heat  ia  applied  above,  tht  vjf^^ 


lit 


il  f bfrLow. 


lU  na-BoUk*  ot  WMW  vrv  t« 


layers  remain  in  their  place,  and  tho  rest  of  ihe  liquid  caa  bt 
by  conduction  and  radiation  only. 

Tlio  following  cKpcritnent  ia  one  instance  of  the  vi-r^*  fwiUffl^" 
ducting  power  of  watvr.     A  piceo  of  ice  is  plactxl  at  tlie  boUon  tl  * 
ghuw  tubv  (Fig.  289),  whidi  ia  then  portly  tilled  with  water,  hoM* 
applied  to  the  middle  of  tlic  tube,  and  the  upper  portion  uf  tli«  fi^ 
n  reailily  rnis(>d  to  obultition,  without  melting  the  ice  botuw. 

403.  Cottdnotiag  Power  of  Water. — The  power  of  conduclingM 
poascsM^d  by  water,  though  veiy  small,  is  yet  quite  appnaiUi' 
ThU  was  eslablislied  by  I>e8prela  Igr  the  following  experm«ni    Bt 
took  a  cylinder  of  wood  (Fig.  £90)  about  a  yard  in  height  and  dghl 
Inchw  in  diumvtur,  which  wuk  tilled  with  wat«r.     In  the  oidaaltks 
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^ere  armqged  twelve  th«nHi>nieters  onti  ahove  oootber.  their 
being  all  in  the  same  vertical  through  Uie  uiiddlo  of  ihv  liquid 
n.  On  the  top  of  the  liquid  re6ted  a  metal  tx>x,  which  was 
with  water  at  100°,  frequently  renewed  during  the  course  of 
iparinient  Under  tke§e  eircumstoooos  Deepretz  observed  tint 
mpoktore  of  the  tliermoinetvrs  rose  };;Tmduiilly,  and  that  a  long 
-^XMtt  30  hours — was  required  before  the  ponoaneot  KUt«  was 


W\.  IM-taVKIvl  Eq-MtnMDl 


Their  permanent  ditfercnces,  whidi  fonn«<l  a  dcerewdog 
Mrica.  wore  rtry  small,  and  were  Inappredabte  after  the 
lamnonebtr. 

I  toaeoH  of  temperature  indicated  by  tlie  thermometers  might 
tribaled  to  tlie  heat  received  fn>m  the  mdvs  of  the  cylinder, 
;h  tho  feeble  oonduetiiig  power  of  wuod  renders  this  idea  some- 
impnjb»blo.  But  DiTipretz  olwtervcd  that  tiic  tcmpcmture  was 
r  ia  th«  mxis  of  tlie  cylinder  than  near  the  stdea,  which  provea 
tb«  alovstion  of  tamperatare  was  due  to  the  passage  of  heat 
wards  through  the  liquid. 

m  experiments  by  Professor  Outline,*  it  appears  that  water 
cts  hrtter  than  any  other  liquid  ex«>pt  mercury. 
I.  AbMlute  MeasaremoDt  of  Conductivit;  of  Wat«r. — The  abao- 
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lat«  value  of  h  for  water  has  been  determined  by  Mr.  J.  T.  Bottooh 
ley.  Hot  water  was  gently  placed  on  the  top  of  a  maaa  of  ntcr 
nearly  filling  a  cylindrical  wooden  vessel.  Readings  were  tak«n  bcm 
time  to  time  of  two  horizontal  thermometera,  on«  of  them  a  Uttk 
lower  than  the  othcr.which  gave  the  difference  of  tempcratara  betwca 
the  two  siden  of  the  intervening  stratum.  The  qnantity  of  beat 
conducted  in  a  ^ven  time  through  this  stratam  was  known  fron 
the  rifle  of  temperature  o£  the  whole  mass  of  water  below. »  ii»- 
dicated  by  an  upright  thermometer  with  an  ezoeedio^y  kag 
i^'lindvical  bulb  extending  downwards  from  Um  eoDtre  of  tlw 
stratum  in  question  nearly  to  tlio  bottom  of  the  vowoL  A  fuoilli 
thermometer,  at  the  level  of  the  bottom  of  the  long  bulb,  dioval 
when  the  increase  of  temperature  had  extended  to  this  depth,  and 
as  soon  as  this  occurred  (which  was  not  till  an  hour  had  elajioed)  IJM 
experiment  was  stopped. 

The  rL-8uIt  of  thuio  experiments  is  that  the  %'&lue  of  Jt  f or  waUf  ii 
flrom  "0020  to  '0033,  which  is  nearly  identical  witlt  its  valnt<  fur  in 
this  latter  element,  as  (letvniiincd  by  Profuasor  Qvur^^  Forbui.  tviiif 
•00228. 

llie  conductivity  of  w&t«r  seems  to  be  much  greater  Ihan  thti  li 
wood. 

455.  Condncting  Power  of  Oases. — Of  the  tonducUng  poven  ^ 
gamut  it  is  almoHt  impossible  to  obtain  any  direct  proo^  simr  il  * 
exceedingly  diihcult  to  prevent  tliv  iuterfircnoe  of  conveeUon  i^ 
direct  nuliation.  However,  we  know  at  tcajit  that  they  an  taexA- 
ingly  Imd  conductors.  In  fact,  tti  all  cases  where  gases  an  laeli*' 
in  aniall  ca^'itie^  where  tlu-ir  movement  iit  diiBcult,  the  systan  (!■ 
formed  is  a  very  bad  conductor  of  heat.  Tliis  is  the  cause  d  tk 
feeble  conducting  powers  of  many  kinds  of  doth,  of  fur,  cidtf-doni 
felt,  straw,  saw-dust,  kc  Mat^iriala  of  this  kind,  wlieo  vmA  ■ 
articles  of  clothing,  are  commonly  said  to  be  warm.,  becann  tVl 
liiiidtT  the  heat  of  the  body  from  escaping.  If  a  gsnnent  of  eider^cn 
or  fur  were  comprejwed  so  sa  to  expel  the  greater  put  of  the  air,  ml 
to  reduce  the  substance  to  a  thin  sheet,  it  would  be  found  loUi 
much  less  wann  covering  than  before,  Itaving  become  a  bttter  a** 
ductor.  Wo  tl]us  see  that  it  is  the  presence  of  air  whtch  gint  thw 
sulntancm  their  feeble  conducting  power,  and  we  are  accunliag^ 
jti.-<iit]ed  in  assumin';  that  air  is  a  liod  conductor  of  heat. 

456.  CoodDotirity  of  Hydroffes. — The  ooodueting  pow«r  of  hjiirojf 
b  much  superior  to  tliat  of  tlie  other  gases — a  fact  whi^  S"* 
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eotcrtaitwd  by  cbeamta,  that  thU  gas  is  the  vnpour 
Tbe  good  conductivity  of  hydrogeo  v  skQwa  hy  Uie 
iog  experim«ots: — 
I'ithin  a  glatut  tube  (Fi^'.  S9I)  i» 
i«d  a  thin  platinum  wire,  whidi  is 

to  ineandeaoenoe  hj  the  paAsage  of 
itric  current,  When  air,  or  any  gas 
than  hyilrogoa,  is  passed  through 
ibe,  the  ineaodMOoaoe  continues, 
I  iriU)  loas  vtvidne«s  than  in  vacuo; 

disaj)p«a»  as  soon  as  hydrogen  is 

L  th^nnonieter  a  placed  at  tho 
I  of  a  vertical  tube,  and  heated  by 
d  oontaining  boiling  water  which  is 
U  th«  top  of  the  tube.  The  tube 
lu>t«d  of  air,  and  dift*i>rcut  gases  are 
lively  admitted.  In  «'ucli  cfuse  the 
tioD  of  tbo  thiirmonictor  is  found  to 
rer  tluio  for  vacuum,  except  whi^n 
e  is  hy<lrogen.  With  this  gas,  the 
noc  ta  in  the  opposite  directJoo. 
Dg  that  the  diminution  of  radiation 
MO  more  than  oompvusatcd  by  the 
Pting  power  of  the  hydrogen. 


^e  DirmnttAt  E«v*noif  ron  Lniiitm 
r  Hut.— "n*  no^  ot  nliUiBing-  ilifT*r*iiti>l 
•  f«t  Uw  varlalksfif  (anipcnU<u«  at  «ach  pulal 
\f  dni^  tlw  thUU«  «Ug«,  nu7  Iw  QlMlritail 
hkrlnii  Um  ifanfilMt  okM,  UiM  i«  wliinh  Ihi 
hJ  (HrfMM  (HftacM  of  cqiwl  t*Bpcn>lun)  ua 
jlaOOT,  aai  tlwnfo**  tk  lioB  at  flow  (vhieh 
»F«]r*    Ih   nomaJ    b.    tba    botboraBtl   «artMM> 

iImhIi  iDrtMw*  MMmnd  in  Um  diptcUoD  in  wtiloh  huit  U  flawJB|^  r  tli*  twi. 
■S  th>  Itea  I  at  k  {icjnt  ipecUsd  bj*,  i  lh»  DonductlrltT-,  uul  (  tba  Uicnnai 
pw  laH  ToloBi*  (totk  U  tb«  t«n|i«nlm  *).  l%mUwfl««irfl>«*(  porwdt  time 

nmxtlvD  of  ■!«•  A  fa  -A  A?,  aail  tha  flow  pail  an  c^nal  and  pafaUd  MOtioa 
M  tqt  Ika  ^ull  JlHanrw  fa  li  B'<>t<*'  V  I'M  amount 


fl(  8U..-OMllat  tr  Ciartati 


?.(-'£) 
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486  coNDDcnoN  of  heat. 

TUi  Utter  ezpnolon  thetefon  leptcMnU  the  loH  of  he>t  from  the  inUrvaalBf  !■ 
knd  ths  rasolting  fall  of  teropenlare  ii  the  qwAient  of  the  lam  b;  Uia  th^iM] 
cASx^  which  quotient  li 

1    d(  _^d.\ 

This,  then,  ii  the  f  s]l  of  tempenton  per  imit  tim^  or  ii  -  ^rr  ■    If  lbs  mbtt 

dt  *** 

iDMn^ble,  lo  that  -j-  can  be  neglected,  the  equation  beconua 

dt'c'd^' 

which  appliea  appioiimatel^  to  the  variadoni  of  tnnpantata  in  the  aoQ  noar  tki 
of  the  earth,  n  being  in  thii  caee  meuored  vaiticall;.     For  the  integMl  el  tUa  • 

leeNoteC. 


NvtJi  B.  Flow  or  Hut  is  a  Bab  {§  440).— If  p  and  (  doiot*  tbe 
lection  of  the  bar,  it  the  ooaduotIvitj>,  and  &  the  ooeffioiait  of  "-<— i™  tt  th*  m 
the  temperature  t,  the  heat  emitted  in  nnit  time  from  ttte  length  <>  ia  kwfli 
uaunie  as  our  zero  of  temperature  the  tempsTatnie  of  the  nuroonding  air.    BiA  Ii 

which  panel  a  aection  ii  - 1  J:  ^ ,  and  that  which  puwa  a  Motion  fortbet  on  bj  ths  ■« 

d'v  „^ 

a  !«■  by  the  amount  li -r-jtx;  and  thii  dlSecenoe  moit  equal  the  ainoaBt^HHi 

the  intervening  portion  of  the  niriace.     Hence  we  hare  the  aqoatiun  j^  =  r~i^  t 

tegral  of  which  for  the  case  euppoaed  ii 


=v,-N^ 


V  dsQoting  the  temperature  at  the  heated  end. 

Nora  C.    Dkiiul-thjh  op  Diprcsiviir  kbom  Obsestatiosb  of  Ukdimmcid 
PEIUTOBE  (§  450). — Denoting  the  diffuiivit;  —  by  i,  the  equation  of  Not*  A  ii 


(*) 


dr         (Pi 
Thii  eaoation  ia  satiafied  by 

where  n  and  ff  arc  any  two  conatanta  connected  by  the  relation 

&  =  '•'  '•> 

for  we  find,  by  actual  difFercntiation, 

^  -t~"{~a.siD{fit-ax)-actmi^-ai)\i 

^  =  e~"(a>8ln  (j9(  -  u)  +  a>  coe  UU  -  ac)  +  a' coi  ifit  -  ax)  -  a.' On  l/t - 

=  e~"2B'cos{|9i-iu-)! 

More  gcneiolly,  equation  (4)  will  be  aatisfied  by  making  *  aqnal  to  tb*  m 


■  eMi  b«  «i|«*and.  fat  Unnacf  ( the  ttaiu  NokoiMil  Cram  lit  of  Jiaiur)-  oc  »aj 


,»A,*i  (^'  +  Il,)  +  A,rfn  (^'  +  E,)*A.«n  {5;^  +  B,)+ JW, 


m 


lb  tbtMMA  tcMpeMtuMot  tbe>lwlo  j«*r,  Mid  A|,  A»  A«  &«.,  whlt^  ■«■  called 
I  rf  Uw  i»CB««ri»»  tcnnik  dimiabli  rapidljr,    Tb»  tenn  whifh  oautuiw  A, 
Um  awMftl  toni),  oMBpUtM  lu  cyoU  ■>(  vkim  in  x  ;«*r,  Uw  imil  tariu  lu 
,  th*  BMCt  In  a  third  of  ■  fCM,  uid  »  on.     The  uinaal  tertu  li  mtKih  Itrgn. 
k  nifnlu'  b  iti  nhm  fron  ^r*u  to  fpu-  thui  wit  nf  th<wi  whidi  foUuw  it.    Evli 
two  wfraU  d«MwnI»»tlqM  ot  th«  iUII>i>i*it]r.    Tlim,  (ur  th*  kuanU  (sm, 
p  ««|wrtng  (8)  wd  |9j— 


-VSVt/ 


I  r,  llw  uii|illtud«  at  thU  Unu  will  be 
lofwHolilt 


bff  A«  -  a,a. 


taa  b*  (Momd  Inm  •  (<aiiipui>i<n  "f  th*  Kn»nkl  1«nn  >1  two  dUFonnt  dcpllii, 
l(  lh«  dlCtNOM «rf  Uw  Nfc|ilari*Q  bigwitbiuel  tha  uui>litiiila«  by  ttudiSomMV 

CM  aUo  U  iktMiiilBed  b^  eoin{nrltis  tb*  raloMof  Af-a|X+Ei  >t  tw«d«|iUu 
valiw  of  (^  Md  UUi«  llMir  differcnoa  (wUoh  U  lallad  Ik*  rWiudatfm  ^ 
M  ll iii|iiHiM  Im*  BiMh  ImUt  tb(  nuuiinum,  niiiiBuin,  and  otbnr  pbiaM^  oonr 

Aifith  UuM  M  Ik*  uppirl-    Thk  dUTarMU*,  ditidad  bj  the  diStnnM  <d  depth, 

Itoe. 
Nro  detenunalMiu  vl  a,  ought  ^>  agm  doedTV  and  ■  wQI  tb«n  be  fumid  fay  Ibe 
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467.  Radiation  dUtlset  tiem  Conduction. — 'When  two  bodis' 
different  U'iHj>eratures  are  placed  upposite  to  each  other, wKk* 
thing  botwcon  thum  bttt  air  or  some  othi-r  trsnicparvnt  tM^iHi,  V 
huttur  body  gives  hrAt  to  the  colder  by  radiation.  It  !■  bnrnfi*' 
tion  Ui&t  th«  earth  reci^ivett  heat  from  the  sun  and  givw  out  ball* 
the  aky;  and  it  is  by  radiation  that  a  fire  gives  heat  to  a  powlK^ 
ting  in  front  of  it. 

Radiation  is  broadly  distinguished  from  conduction.  In  ooBil* 
tion,  t)io  transmission  of  heat  in  effected  by  the  warmiog  of  th* i^ 
t^Tvenin^  medium,  each  portion  of  which  tends  to  raise  tbttUM*^ 
ing  portion  to  iU  own  tcmpcratun;. 

On  the  other  hand  heat  transmitted  from  one  body  to  aortlx''! 
radiation  does  not  affect  the  temperature  of  the  intervening  in«di» 
The  heat  which  we  receive  from  the  sun  has  travenied  tJie  oM  ^f 
regions  of  the  air;  and  paper  can  be  ignited  in  the  focos  of  ili* 
of  ioo,  though  the  temperature  of  ioe  cannot  exceed  the  tw^ 
point 

Conduction  is  a  gradtuil,  radiation  an  infttantuwooa  prooM  ^ 
MTMO  inteqioscd  between  two  bodies  ia^tantly  cuts  off  ntfitM 
between  tliem;  and  on  the  removal  of  such  a  screen  raditlKai^ 
stantly  attains  its  full  effect  Radiant  heat,  in  ^t,  travels  wiOiAi 
velocity  of  light,  and  it  is  subject  to  laws  similar  to  th*-  Un  fl 
light;  fcMT  example,  it  is  usually  propagated  only  in  straight  lis* 

Strictly  speaking,  radiant  heat,  like  latent  heat,  is  not  bati  it^ 
but  is  a  form  of  energy  which  is  readily  converted  inlobeiL  B 
nature  'm  precisely  Uie  same  as  that  of  light,  the  differmoo  beivM 
tJicm  being  only  a  difference  of  degree,  as  will  be  man  tvHij 
pluned  in  treating  of  the  analysis  of  light  by  the  prisat  and 
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it  dupter  will  contain  nuinerotia  inntAQOes  of  tbe 
iMM)  tbe  properties  of  noii-luminoua  radiant  b«<ti  and 
■fc&roctcniitics  of  light 

)Bd«nUe  Modinm  not  EseeatiaJ. — ^Tbe  transnuBBion  of 
k(  to  th«  i«rtk  i>itiowK  llmt  miliation  is  independent  of 
Uo  mediuio.  But  since  the  solar  heat  is  accompanied 
Bight  otill  be  question^  wlietlier  dark  heat  could  be 
>ugb  a  vacuum. 

Bted  by  Rumford  in  the  following  way: — He  con- 
jeter  (Fig.  292),  the  upper  part  of  which  was  ex- 
gtobc,  and  ouataiued  a  Uiermouicter 
lacAlttd  into  a  hole  at  tlie  top  of  Uie 
the  bulb  of  tlie  thoriiroincter  wiut  nt 
the  globe,    llie  globe  was  tbii»  a 
racuuui-cbamber.      By    melting    the 
DW-pipe.  the  globe  was  separated,  and 
tinted  in  a  vessel   containing  hot 
tiie  thermouicU-r   was    ioimediati-ly 
to  a  tomperature  evidently  higher 
I  to  tlte  conduction  of  heat  through 
li  had  therefore  been  oommuni- 
radiiatioo  through  the  vacuum  be- 
of  tbe  globe  and  the  bulb  a  of  the 

It  Heat  traTels  in  Straight  Linea. — In  a 
tbe  radiation  of  heat  takes  place 
If,  fur  instance,  bctwi.'en  a  thvr- 
A  source  of  beat,  there  be  placed  a 
each  pierced  wiUi  a  hole,  and 
be  so  airanged  that  a  straight  Uiic 
without  interruption  from  the  source  to  the  thenno- 
upentun  of  the  latter  iniiuediatcly  rim^;  if  a  dilferent 
adopted,  the  heat  ih  stopped  by  the  acreens,  and 
^jndioaioB  do  effect. 

kk  of  rajn  of  beat  just  as  we  speak  oF  rays  of 

ay  that  raj's  of  heat  issue  from  all  puint<t  of  the 

itmted  body,  or  that  sudi  a  body  euiita  my»  of  heaL 

when  thus  used  scarCL'ly  ai]mitf«  of  precise  definition. 

rather  than  a  scieutitic  I^tih;  for  no  finite  quantity 

It  can  travel  along  a  niatheiuatical  line.    In  a  mere 


■     ■„■:  .,r..nr. 


of  the  surfncc-conduction  i»  grtntiy  quickvi 
which  liriiigtt  conlinuftlly  fresh  portiotut  of  cold  air  into  eon 
tlie  surface,  in  the  place  of  thain  which  have  been  booted. 

The  cooling  of  a  body  in  vacuo  ia  etfectvd  purely  by 
except  in  eo  far  aa  tliere  may  be  conduction  through  its  en] 

461.  Newton's  Law  of  Cooling. — In  both  ciuuh,  if  tb«  bo 
pu^cd  in  a  chnmbtr  of  uniform  ti^DipurAturc,  thu  rmt«  a( 
lottos  heat  is  npproximatoty  proportional  to  Uio  vxcom  of  thi 
ature  of  its  iturfa4U)  abow  that  of  the  chaiobor,  and  tba  pi 
ality  Ut  scmibly  exact  when  ilio  «xoess  doce  not  exceed  a  tet 
If  the  body  be  of  sensibly  uniform  temperature  throughout 
masd.  aa  in  the  ca»e  of  a  thin  copper  vceael  full  of  wator 
kept  atirrcd.  its  fall  of  temperature  ia  pruportiooal  to  ij 
heat,  and  hence  the  rate  at  which  its  tvitipcratun)  falls  ta  pti 
to  thi-  uxci^sH  of  it«  temperature  above  tluit  of  tlie  chambc 
tJcolly  if  the  body  be  a  good  cmtductor  and  uf  atuall  dim 
May  a  copper  ball  an  inch  in  diani<-ter,  or  an  orxlinary  iDemBI 
uionieter — tlic  fall  of  it«  temperature  is  ttcai-ly  in  acoordi 
tliifl  law,  whidi  is  called  Newlon'a  law  of  oodin/j.  Xfa^ 
fact  b  that  when  the  readings  of  tJie  thenuomvter  ^| 
etjual  intervals  of  time,  their  oxcoaMS  above  the  tcmpcoAtQ 
incloaure  (which  is  kept  comttant)  form  a  tlimiuishiog  ^ 
progreasiiHi.  ^ 

To  sliow  that  this  is  cqui%'alcnt  to  Nowtoa'a  Uw,  Irt  f  d 
[■X0M8  of  t«iaperature  at  time  (:  then,  in  the 


unity  fVoin  «Aeh  m 
.  0^  0k  9t  <u«  in  gooiiictrical  progrossion. 


itoo  - "**  in  eqaation  (2)  is,  by  th«  rnli«  of  th«  difter- 

IciUiu,  «qiuil  to  — (JlogS;  hcnoe  equation  (2)  sbows  th^t 
mtniftliM  hy  equal  unouDt«  in  equal    tiiucft.     Lufj  9  ken- 
Itho  Nmpi«rinn  logsrithm  of  9;  and  Hiuov  oominon  lof^ritlitne 
to  Nn|iifriaii  logiuritbin.s  multiiilied  by  a  eonsUint  factor. 
ID  logwitlini  of  0  will  also  diiDitiiHli  by  n|ual  aiuounts  in 
The  constant  A  in  equation  (1>  or  {t)  will  be  deter- 
QBi  tlie  experimental  reeulbi  by  dividing  the  decrement  of 
the  interval  of  time. 

ve  be4.-o  nMiimint:  tliat  the  body  iu  hotter  than  tlie  chamber 
nire;  but  a  pn-rii^-Iy  «iniilar  law  holdn  for  the  warming  of  s 
Jch  i*  colder  tlian  tlio  ioclusiirc  in  whidi  it  ts  placed. 
Diilraff  ud  Petlt'9  Law  of  Cooling. — Newton'a  law  is  Henaibly 
I  for  umall  diH^ri'.nces  of  temf^rature  between  the  l>ody  and 
mre.  Dulong  and  Potit  conducted  expertmenta  on  the  coo)- 
thennoueter  l^  radiation  in  vacuo  with  uxcctees  of  t«>np<n^ 
lyti^  bom  20°  to  SW  C,  from  which  (boy  d«lQC*d  the 
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"fogo=^Ky77  nearer,  and  siooe 

o*  =  l+(!ogo.H»log«)'  +  ll*logo|'+  fax, 

Dulong  and  Fctit's  formula,  ia  its  first  form,  gives 
-^=«(ioon)*{t»rT*+ lew;:  *!•*»«.!) 

which  shows  tbftt,  for  a  ^ven  tcm[)(!rKture  of  the  inolc 
of  cooling  is  not  strictly  proportions!  to  0.  but  is 
plied  bj  »  factor  which  incr«t.ses  with  S,  this  factor  bttsf  I 
tol  +  iC0077  0)  +  JC0077»J'+  iic 

When  0  is  small  enough  for  '0077  A  to  be  nagtoctod  io  on 
with  unity,  the  factor  will  be  sensibly  oonstaQt,  in  accord) 
Hewton's  law. 

464.  Theory  of  Exchaa^cs. — ^Tbe  second  form  of  Dn 
Patit's  formula,  namely 


■3?' 


I 


aaggttU  that  an  unequal  exijian^  of  heat  takes  place 
Hiemunnfltar  and  the  walls,  tiic  thortnomutcr  giving 
quantity  of  heat  ca**'  (whore  v+0  doaot««  the  t«iD| 
Ulcrmorooter),  and  the  walla  giving  to  tJie  thvrmc 
quantity  ca'. 

This  is  the  view  now  coninionly  adopted  with 
in  general.    It  haa  been  fully  developed  by  Profenor  I 
under  the  name  of  the  theory  of  fx^aniftm.    Its  original  | 
Pr^voat  of  Geneva,  called  it  the  tlieoiy  of  mobii«  tyui/iSi 
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I  \vtm.t  diminuhns  as  th«  dutance  iDcreutcs.  The  law  of  varia- 
nt be  disooTer<>d  )iy  experunent  In  fact,  vehrn  Uic  excess  of 
Iftture  of  the  therniometer  becomes  fixed,  wc  know  that  thu 
loeiv«d  is  equal  to  that  loet  hy  radiation;  but  this  latter  Li,  by 
ta's  Uw,  proportioDAl  to  the  excras  of  tcmperaturo  above  that 
IfUnxNtndiag  air^  wo  may  accordingly  consider  tlus  exoeea  as 
More  of  the  hcflt  nsoeived.  It  hatt  been  fouad,  by  cxperintoota 
Irent  distanced,*  that  Die  excess  is  invernely  proportional  to  th« 
of  the  distance;  we  may  therefore  conclude  that  tfie  irtiannty 
rteeiixd  from  any  source  of  heat  variea  inverady  m  the 
[of  the  dixtaiux, 

llowing  experiment,  devised  hf  Tyndall.  supplies  anoUier 
I  of  tilts  fundanifntal  law: — 
iOiDet«r  cmploye<l  i»  a  llelloni'ti  pile,  the  natun^  of  which 
explain  in  §  472.  This  ia  placed  at  the  small  end  of  a  hollow 
Uckeoed  inside,  so  as  to  prevent  any  reflection  of  beat  from 
r  sorbwe.  Thu  pile  is  plocod  at  S  and  S'  in  front  of  a  vessel 
rltb  boQinf;  water,  and  coated  witJi  latnp-block  on  the  side 
IB  pUfc  It  will  DOW  b«  oUtorvod  tltat  Uie  tctnperaturu  in- 
by  tba  pile  remains  constant  for  all  distances.  Thi«  roauli 
Ibe  law  of  inverse  squares.  For  the  arrangement  adopted 
the  pile  from  receiving  more  heat  than  that  due  to  the  area 
in  the  firat  caiK,  and  t«  the  nrva  A'  B^  in  tlic  second.  These 
areas  of  two  circloa.  whose  radii  are  reapecUvoly  proportional 
^O^uUh^rau^^oDSMuently  ppoportional  to  the 
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cate  the  name  quantity  of  heat  to  tlic  pile,  the  inteiuity  of  nJktica 
must  vary  inversely  as  the  squared  of  the  distances  S  0  and  S  0. 

The  law  of  inverse  squares  may  also  be  e»tabtL<ibe<l  a  priori  to  ibt 
following  manner: — 

Suppose  a  spheru  of  given  radius  to  be  described  aboat  a  rsdiiliai 
particle  as  ceutrv.  The  total  heat  emitted  bj  the  particle  will  ii 
received  by  the  sphere,  and  all  points  on  the  spbero  will  oJtpoiicn 


the  same  calorific  effect.  If  now  tlio  rudiuit  of  the  ephora  bodooU^ 
Uic  Kurfoc-i!  will  be  quadrupled,  but  the  total  amount  of  heat  iiuj* 
the  aauie  an  before,  namely,  that  emitted  by  the  rndiittJng  [wlK^ 
Uence  we  conclude  that  the  quantity  of  heat  aheorbed  by  a  p<* 
area  on  the  suiface  of  the  lai^  sphere  is  one-fourth  of  that  iikaaM 
by  an  equal  area  on  the  small  sphere;  which  agree*  with  tlw  li* 
stated  above. 

This  demonstration  is  valid,  whether  we  suppoee  the  radiaua' 
heat  to  consist  in  the  emission  of  matter  or  in  the  emiasioD  of  magi 
for  energ}'  as  well  as  mattvr  is  indvstructible,  and  romi^iu  tuuiU* 
in  amount  during  it«  propagation  tlirouj^h  i^pace. 

466.  Law  of  the  Reflection  of  Heat.— When  a  ray  of  btat  orM 
a  polUhed  surfove,  it  is  reflected  in  a  direction  delernuDtd  by  bd 
laws. 

If,  at  the  pcnnt  of  incidence,  that  is,  the  point  where  the  ny  ta* 
tbe  surface,  a  line  be  drawn  normal  or  ptrpcndicular  to  the  Mite 
the  pkuu  poising  through  iiiU  line  and  tbe  inciiU-tit  ray  bcallidlfcl 
pUin4  of  incidtnct.  With  tliis  explanation  we  proceed  to  giwAt 
laws  of  the  reflection  of  heat: — 

1,  When  a  ray  of  heat  is  reflected  by  a  surfnoe,  tli«  Um  ot 
tion  lies  tn  tbe  plane  of  inddvooe. 
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lUlgle  of  Inflection  is  equal  to  the  an^Ie  of  iiici'I^ncc;  Umt 
reSect«d  and  incident  rays  make  etjual  angles  wit)i  t)u'  noniial 
rarbce  at  the  point  of  incidvocn. 
,  Bnniing-mirTors. — Thtatc  Iaws,  which  bold  good  for  light  alto, 


V 


»».  Stk-ToeoMtlOmtm^lllmi. 


^PPpkd  by  experiments  with  eoncave  nurrora.  These  are 
f  dtlier  sphencal  or  parabolic.  All  raya,  either  of  heat  c»- 
EaUing  on  a  parabolic  mirror 
•eUons  pariUIcl  to  U»  axis 
Fig.  Sf)4)  ai«  ru(lvcU.-(I  no- 
iy  to  its  foctu  F,  luid  all 
ton  y  falling  on  the  mirror 
BveUd  parallel  to  tlie  axis, 
larieat  ootieave  mirror  ia  a 
portion  of  a  sphere,  and 
paiftllel  to  it4  BXis  arc  re- 
I  CO  aa  appro  xiiiintcly  to 
ugh  iLs"pnnciiial  foous" 
»),  which  is  midway 
*A,  the  central  point  of 
imr.  and  C,  the  oenUn  of 

^f  tlie  axis  of  a  oonrave 
1^  Mthcr  f(Mrm,  U  directed 
Ik  th«  ran,  intense  heat  is 
Hd  at  the  focus,  especially 
nintir  be  large.  Fi».  iil^ 
Bute  such  a  mirror  suitably 
Im)  tor  producing  ignition 

EMtanwM.     Tftcliimhauson's  mirror,  which  W(u»  oon- 
aod  was  about  6(  feet  in  diameter,  waa  able  to 
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melt  copper  or  silver,  and  to  vitrify  brick.  Instead  uf  curved  nir 
rora,  Butfon  otuployuti  a  uumbor  o£  movable  piano  mirron.  wUeb 
wore  arni.ii]^-d  so  th»t  the  ditrvrcnl  ponciU  of  htat-rsys  nUctlal 
by  tb«iii  converge!  to  nen-rly  ibe  same  point.  In  tht*  way  W 
obtained  an  uxtn^nuily  powerful  etfect,  and  was  able,  for  intuft 
to  net  wootJ  on  Bre  at  a  distance  of  between  80  and  00  yard&.  Thii 
u  the  method  which  Archimedes  is  satd  to  have  onployed  tor  Uh 
dflBtruction  of  the  Roman  fleet  in  thu  aiv^  of  SyracUBe;  and  Ottm^ 
the  truth  of  the  story  is  ooni^idt-ixnl  doubtful,  it  t*  not  altogotW 
ubsurd. 

466.  Conjugate  Uirrora. — Fig.  296  represents  an  experiment  wlwk 
ia  aaid  to  have  been  tirat  performed  by  Pictet  of  Geneva. 

Two  largo  parabolic  tnirrora  are  plact'^l  facing  each  otlier,  at  ur 
convenient  distano;,  with  their  axes  in  the  same  straight  line.    Is 


via,  IM  — rtnijaoil*  Uttron, 

the  focus  of  one  of  them  is  placed  a  small  ftimaoe,  or  a  nd^if*^ 
cannon-ball,  and  in  tlio  focu»  of  the  otltor  some  highly  inftttniii»M> 
material,  such  as  phosphorus  or  gun-ootton.    On  oscitii^  tba  finM 
with  btiUowx,  tlie  mibrtiuK«  in  the  other  focus  imniedtataly  tibi 
fira     With  two  mirrors  of  14  inches  dianiHor,  gun-ootton  mat  im 
be  set  on  fire  at  a  distance  of  more  than  .^0  ft>et.     Tho  ax 
is  very  easy.     Hie  rays  of  heat  coming  from  the  focus  of  Um  I 
mirror  are  reflected  in  parallel  lines,  and,  on  impinging  upn  ft* 
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of  the  second  minor,  eooTerge  Again  to  itA  focos,  sod  are 
kps  oonowtrated  apooi  the  itifluniiiabl«  uiat«riAl  placed  thflrc 
BCareful  adjusUneDt  is  necesary  to  the  success  of  the  experiment, 
Id  the  a^jtutinout  is  most  caiuly  made  by  tirst  placing  a  soiuroe  of 
Ipll  (sod)  as  the  Hame  of  a  candle)  in  one  focus,  and  forming  a 
tnilious  tma^  of  it  in  the  other.  We  have  tlins  a  convincing 
roof  that  h«at  and  light  ob«y  the  same  law  as  regards  direction  of 
iflceiioiL 

469.  Belleetioa,   Dlfl\iaioD.  Absorption,  and  Traaamisaion. — Sup- 
Be  a  quantity  of  heat  denoted  by  unity  to  («  incident  upon  the 
rface  of  a  body.  Ilita  quantity  will  be  divided  into  several  distinct 
rta. 
X  A  portion  will  be  regularly  reflected  aocording  to  the  law  given 

miTo.    If  the  Eractioa  of  heat  tlius  reflected  b«  denoted  by  -,  tlicn 

~  i«  th«  niMsare  of  the  rtjleeting  power  of  the  mr/aee. 

■  1.  A  purtioD  2  will  be  irregularly  rcflcct4.-d,  and  will  be  Hcntten^ 

icUflbaad  through  space  in  all  directions.    Thus  -r  is  the  measure 

^  tile  di^usive  potoer  of  the  aur/ace. 

3.    A  [Mirtion  -  will  penetrate  into  the  body  eo  as  to  be  absorbed 

Cand  to  contribute  to  raise  it«  tempciature;  -  is  therefore  the 

of  the  abtorption. 

Pbially.we  shall  have, in  many  cases.a  fourlh  portion  g,  which 

through  the  bo<ly  without  contributing  to  raise  its  tempora- 
Thia  fraction,  whicli  i<xiat«  only  in  the  case  of  diathermanitus 

u^a,  iit  tha  meMuro  of  the  travtmisaion. 

^lae  sum  of  t)ie««  fractional  parts  must  evidently  make  up  the 
unit;  that  is 

* 


1 
"3 


r  uDount  of  the  tnn;<misaion,  where  it  exista,  will  generally  vary 
i  IIm  thicknesM  of  the  substance;  and  what  ia  loct  in  tratismianion 
'  ImreeHJiiy,  the  thickness  is  gained  in  al^orption.  When  there  is 
I  tmninnLwion,  the  absorption  may  bv  called  the  abaorhing  power 
t  tlw  surface. 

[470.  CoefQcieot  of  Absorptioa  aad  Coefficient  of  Emlsston. — Apply- 
'  JJ«wloa's  law  (§  461),  tut  fl  \k  thi-  small  ditrpronci^  of  temperature 
the  surface  of  the  body  and  the  inclosure,  and  S  the  area 
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of  Lhis  »iiriiM*,  whirJ)  we  Duppoee  to  have  no  ooncsvitieti,  tba  Ibi  1 

quantity  of  beat  ^ined  or  lost  by  tibe  Uxly  per  uiiit  of  tiui*  '»<&■  I 

pressed  by  the  formula  I 

ASfl  I 

whctv  A  i^  a  constant  deponding  on  iho  nature  of  tfa«  body  »ti    I 
uiore  eHpecially  on  the  nature  of  its  eurf&ccL    Tbu  constant  A  no; 
be  called  indifferently  the  cofJieUnt  of  cmimon  or  the  eoqjinn* 
of  abm>rj)tion,  iniuniucb  as  it  luut  th«  saino  value  (the  tetnpentan    j 
of  tbo  body  being  given)  wlietbcr  the  iiicluaure  be  colder  or  wanner 
than  the  body.    KxperimentA  conducted  by  Mr.  M'Farlane  ondii 
the  <lir«ction  of  Sir  W.  Thomfton,  have  dhown  that  when  the  surfae* 
of  the  body  (a  copper  ball)  and  the  walU  of  the  incloaur*  are  t-trth 
covered  with  lamp-blade,  the  indosure  being  full  of  air  at  ataw- 
^rpheric  prtuutun.-.  the  value  of  the  coefficient  A  iu  C.O.S.  units  » 
about  idVv  thai  in  to  say  ^,^  of  a  gromiuv  dugruu  of  buat  ia  punid 
or  luflt  per  fteootnl  for  each  n(iuai-e  c«ntiroetr«  of  sur{ac«  ol  ibe  body, 
brhen  there  in  1*  of  differance  between  its  temperature  and  that  of 
^he  walls  of  the  inclwiure.     When  the  surface  of  tito  body  (tb* 
cupper  ball)  was  polished,  the  walls  of  the  inclosure  being  blaekenod 
OS  before,  the  coefficient  had  only  -^  of  its  former  vnlae.      It  k 
estimated  tliat  of  the  value  tifso  for  blackened  surfaces.  otM-hatt  ■ 
due  to  atmospheric  contact  and  the  other  half  to  radiatiaa,    Aa  lbs 
excess  of  temperature  of  the  Ixxly  above  tttat  of  the  walls  incnwad 
from  5*  to  60'*,  the  quantity  of  beat  emitted,  instead  (*{  beinj;  b- 
creased  only  twelve-fold,  was  increased  about  sixteen-fuld  for  tfar 
blnclcviicil  And  fift«ea-fold  for  the  polished  ball. 

When  air  is  excluded,  and  the  ^in  or  loss  of  heat  b  doe  to  pov 
radiation  l>etween  tlic  bo<Iy  and  tlio  walU,  the  coelHci«?iit  A  l«pf»- 
sents.  according  to  the  theory-  of  exehangea,  the  didermee  bt^w«ai 
the  absolute  emission  at  tlie  temperature  of  the  body  and  at  ■  taB- 
piTnture  1°  hiyhcr  or  lower. 

471.  Limit  to  Radiating -Power, — It  is  obviously  impossible  fora 
body  to  absorb  more  radiant  beat  than  falls  upon  it.  There  mart 
therefore,  be  a  iiniitiog  value  of  A  applicable  to  a  body  wbtti 

pbsorbtng  power  ~  U  unity,  and  such  a  body  must  abo  be  r^arded 

as  poeseesing  perfect  emissive  power  for  radtaut  heoL  Haon  it 
appears  that  good  tudiation  depends  rather  upon  defect  of  —■*■*-—■ 
t^an  upon  any  positive  power.  A  perfect  radiator  would  b*  a  mi^ 
staiioe  whose  surface  offered  no  resistance  to  the  pasaage  of  radiiBt 
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tin  a&er  direction;  while  an  imperfect  radiator  is  one  whoee 
Imb  bUovb  a  portion  to  be  communic&ted  through  it,  and  reSects 
ther  poiii<m  r^nlarlj  or  irregularly. 

he  reflecting  and  difiusive  powers  of  lamp-black  are  bo  insigni- 
It,  at  temperatnres  below  100°,  that  this  substance  is  commonly 
itod  as  the  type  of  a  perfect  radiator,  and  the  emissive  and  ab- 
tive  powers  of  other  substances  are  usually  expressed  by  com- 
withit 
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473.  Thermoscopic  Api>&ntttu  emplofed  in  leswrohM  bbb—uI 
with  B&diant  Heat. — An  indiapensable  requisite  for  the  mcoearfnl 
study  of  radi&nt  heat  is  an  exoeedingiy  delicate  thennomet^r.  Fct 
thU  purpose  Leslie,  about  the  beginniog  of  the  preeent  ceotur;. 
invvutcd  the  cUfferential  tliorinomvltir,  with  whidi  be  condoctcd 
tome  very  iuiportAnt  invi'tstigations,  tlio  main  results  of  whidi  uc 
still  acknowledged  to  be  correct  Uodem  inveatjgaton,  af  UaUeii 
Laprovostaye,  .^g.,  have  exclusively  employed  Nobili's  tbenno-tMifti- 
plier,  which  b  ao  instrument  of  much  greater  delicacy  tliu  th) 
differential  thermometer. 
The  thurmu-pile,  invented  by  NotMli,  and  improved  by  Malhi 

oonaists  eswmtially  of  a  diain  (fV 
297)  formed  of  alt«niat«  elenoii 
of  bismuth  and  antimony.  U  lb 
ends  of  the  ehain  be  connivtcd  I? 
a  wire,  and  the  allemats  jcdM 
slightly  hvat«il,  a  tlieraHMkAfll 
current  will  be  prodace«l.aivfflkl 
explained  hereafter.  The  um^ 
of  current  increaaea  with  tb»  H*' 
ber  of  eleroenta,  and  with  the  difference  of  temperatures  of  tbt  cff* 
site  junctions. 

In  the  pile  as  improved  by  Mclloni,  the  elements  an  anaB|>l 
side  by  side  so  as  to  form  a  square  bundle  ((1g.  298),  wbcM  oppvl* 
eikds  eooaist  of  the  alt«niat«  junctions.     The  whole  is  oanlaiiwd  > 
ft  00|q>er  case,  with  covers  at  the  two  ends,  which  can  be  teBoni 
when  it  is  desired  to  expose  the  faces  of  the  pile  to  the  actioo  cS 
Two  metallic  rods  eotinect  the  terminals  of  the  thcnno-olMlrie 
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ling  to  •  galvanometer,'  so  that  the  cxisi«nc«  of  any 
t  will  imm«(iiately  be  indicated  by  lh«  dcfli-clion  of  the  ne«dleL 
DOttnta  of  cnirent  which  oorrcspund  to  diSorcni  deflections  are 
I  trvm  a  table  compiled  by  a  uiothod  which  we  shall  expUuD 
t«r.  CoDsequpotly,  when  a  beam  of  radiant  beat  strikes  the 
a  Blecbic  currunt  ia  produced,  and  the  amount  of  this  curroit 


n^  m~U*llaiirt  nanau-mulUplW. 


Uo  by  the  galvanutuetor.  W«  shall  see  herMiftcr.  when  wd 
to  treat  of  thermo-electric  currents,  that  within  certain  liiuitfli, 
I  an  never  exceeded  in  investigatioos  upon  radiant  heat,  tlie 
It  ii  proporttooal  bo  the  ditfcrence  of  t«niporature  between  tJte 
Dda  uf  Lh«  pila.  As  kood  as  all  parte  of  the  pile  have  acquired 
pormamnt  temporatur««.  the  quantity  of  heat  received  during 
itarral  of  tim«  from  tJie  source  of  beat  will  be  equal  to  that 
>  the  air  and  surrounding  objecta.  But  Uiis  latter  is,  by  New- 
law,  proportional  to  the  excess  of  temperature  above  the  aur- 
log  air,  ami  tluHTofore  to  the  diffhrenoo  of  tvmpcmture  U'tM-eeo 
n  ends  of  the  |ule.  The  cum-nt  is  tliereforo  proportional  to 
MDtity  of  hwi  reooived  by  tlto  inMrunienL  Wit  liave  thus  in 
t»  pUfl  a  therniMiieter  of  great  delicacy,  and  admirably  adapted 
,  '  TM  id*  ■>•!  t»lvai|nw«««t  tosalhor  oa««UuM  the  thcnio-iuulU|liar. 


MS 


to  the  tttucty  of  rndfant  heat;  in  f««t,  the  iinmfinM  piugiosit 
hoM  b<H>n  inndc  iti  thi»  di;p«irtnic»t  of  physics  is  mainly  owing  { 
invention  of  NoI>ili. 

473.  Me&asrement  of  Emissive  Powen. — The  following  i 
was  adopted  by  Melloni  for  the  compaiison  of  omissive 
graduated  horizontal  bar  (Fi}(.  299)  carries  *  cube,  the  difl«nati 
of  which  aro  covcKil  with  ililTuront  Kulxttiuiccs.  Thi«  is  fllbd  ^ 
wtttcr,  which  ta  maJntainod  at  lh«  lN)ilin-;-[)oint  by  ommuw  dttfp 
lamp  placed  beaeatli.     1'he  pile  ia  placed  at  a  convenient  ditU 


rognaw 
owing  to 

;amJ 
e  powHJ 


oDt)  tho  radiation  can  be  intercepted  at  pleasure  by  sctovib  i 
for  tlic  purpoHO.    The  whole  forms  what  is  called  Mellooi's  a( 

If  we  now  sitlijcct  the  pilu  to  the  hi'flt  ndiatoil  tnnumAi 
faoca  in  turn,  we  hIiuII  obtain  cum^ntA  profMJttional  to  U»i 
powers  oC  tlie  substances  witli  which  the  lUfTeront  faow  ri*< 

From  a  nuuiber  of  experiments  of  this  kind  it  baa  been  fo 
lamp-black  has  the  greatest  i-adiating  power  of  all  known  i 
while  the  metals  are  tho  worst  radiators.     Some  c^  the  m(a»\ 
tAiit  results  are  given  in  the  following  table,  in  which  tlw  i 
IK)Wi;ra  of  tile  Miveral  KtiUtancM  vn  oorapuvd  wiili  tlu 
l>Iaclc,  whicli  is  denoted  by  100:— 

nxunri  Kviutn  Fowin  At  109*  0. 


XjHDfVlMA, UO 

VMto-lMd, 1M 

Pkpar, M 

Glim. W 

ladwBlnk. $6 

eamUm^ n 


Sled,  .  . 
Pluimai, 
Pollibt4  luw^ . 
Coppw.  .  .  . 
P«ti>h«l  gold,  . 
PttlUludtUvw.. 
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174.  Ahsorbia;  Pow«r. — Tin-  method  which  most  naturally  aaggeste 
Itoclf  for  comparing  &l»orbiug  [Kiwen,  is  to  upply  costings  of  ditferest 
mbiitKDeM  to  iliat  tmoi  of  the  pile  which  is  fixposcd  to  the  action  of 
th«  aottree  of  hokt  But  Uiis  would  involve  gn^t  risk  of  injuiy  to 
thepOa 

TIm  nntbod  employed  by  ^lalloni  vriia  as  follfiws: — He  plnoed  in 
front  of  the  pile  &  very  thin  copper  disc  (Fig.  300),  coat«d  with  lunp- 
bUck  on  the  aide  next  the  pile,  and  on  the  other  side  with  the  sub- 
tteooe  whoM  absorbing  power  was  required.    The  disc  absorbed  heat 


Us  III      II Mini  lit  Ak»rliio(  rvtn 

ion  from  the  Muroe,  of  amoont  propwiional  to  the  absorb- 
er of  this  coating,  and  at  the  same  time  omitted  heat  from 

I  btth ndu  in  all  directiuna.   A\'hou  it£  tcnijH-rulurv  U:ctimv stAtiunary, 

Wn  amounts  of  heat  absorbed  and  emitted  were  uoceasarily  C()tial, 

B&<1  it!  two  hcM  had  sensibly  equal  teiiiiH'niUire«. 

P  Lat  E  and  E"  denote  the  ooefficientn  uf  emission  of  lamp-black  and 
^  U)o  sulMtanoe  with  whidi  the  front  was  coat<^d,  and  9  the  exceed 
i' tOBponUire  of  thediM:  altove  that  of  the  air;  then  {E-(-E'>0ia  the 

I  "tt  eaUtted  in  unit  tiuie,  if  the  area  of  each  face  ia  unity,  und  this 
■uui  be  eijoal  t«  the  heat  absorbed  in  unit  time. 

I  ^t  tb«  indications  of  th«  tlionno^pile  ore  proportional  to  the  heat 
Btlitt«d  from  the  bock  alono,  that  is.  to  £o,  Tlic  boat  nU»r1)cd  is 
ftotfoni  i«prcMnt«<l  by  the  indication  of  the  pile  uiultiplii.-d  by 

T- 

In  thU  way  th«  absorbing  powera  given  in  the  following  ltf<t  have 
I  calculate<I  from  experimente  of  Melloni,  tlie  nourcu  of  heat  being 
filhtd  with  water  at  100'  C. 
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RuiAnr*  Amoiuuico  Powim  at  100"  CL 


lAtDp'bWk, 100 

WliiW-ku] 100 

lalnglM*. Ul 


In^wi  ink,      >    •    ■    •    •    tt 

ShetUe, It 

Utul, It 


It  will  bcobscrvcJ  thatthtscnumberanre  identical  vithtlioMwtf 
represent  the  (•miwtive  powers  of  the  »anie  HubstaooM. 

475.  Variation  of  Absorption   with   the  Source. — The  alwirfcii 
power  varies  according  to  the  §ourcie  ot  heat  eniploy<-d.     In 
lishing  this  important  fact,  Melloni  employed  the  following 
of  heat: — 

1.  Locatelli's  lamp,  a  smaU  kind  of  oil-lamp,  in  whidi  the  le 
the  oil  remiunx  iDvarinble,  and  which  haa  a  aquarv-ciit  «olid  wU 
As  a  source  of  livat  it  in  of  tolerably  constant  action,  and  it  ba«  b« 
employed  in  most  of  the  exporitoentii  upon  <liBthcnaancy.  I4 
sliown  in  Fig.  300. 

i.  iQcandcMciit  plaUaum.    ThiH  in  a  spiral  of  platinum  wirr  i^ 
801)  suspended  over  a  spirit-lamp  so  aa  to  envelop  the  flaoia.      ^ 


\(M 


rig.  an. 


n|.ttt 
0>pptr)ual*itt»«r. 


metal  is  hvatod  to  a  hnght  whit«  heat;  and  aince  tlie  radiitif  I 
powent  of  ttie  flame  are  v«ry  feeble,  tht-  metal  may  be  fvgai^a  ; 
the  sole  source  of  radiation,    'llie  flame,  in  fact,  ia  soamlr  i 
guishable. 

3.  Copper  heated  to  about  400*  C.    This  n  effected  by 
spirit-lamp  behind  a  curved  copper  plate  (Fig.  SOS). 

4.  Copper  covered  with  lamp-black  at  100°  C    This  ia  a  caUl 


'1 
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Iter  (Fig.  SOS)  similar  to  tliat  alre«dy  <leacribed  in 
ith  the  roeoBuremont  of  emutfiivG  )>owera.  The  face  whose 
tmployed  is  covered  with  l&nip-bUdt. 
tfferent  sources  of  heat  be  severally  used  in  messimng 
mrers,  it  will  Ik;  found  that  these  powers  \'arT  constder- 
Bg  to  till*  parlicuiar  »oiirca  of  heat  employed,  and  tliat 
\  th«  absoiption  of  Inmp-black  in  each  caw  by  100,  the 
b'lttng  powers  of  otJier  substances  aro  in  general  greater 
•raturo  of  the  oource  is  lower.  In  establishing  this 
Hndpie  by  experiment,  tlte  Rourcea  of  hi-at  are  first 
eh  (]istanc«.s  thac  the  direct  radiation  upon  the  pile 
'  same  for  each,  and  the  pile  ia  then  replaced  by  tlie 
bllowing  table  contains  some  of  tbe  resulte  obtained 


Runts                      Lu„p 

iHudMcwnt 

S«M«il 

SoCwattr 

Futiuam. 

Oopp«. 

Cote 

Mk,  .   .    ■          100 

100 

100 

100 

b     .    .    .               M 

aft 

«7 

u 

A  .  .  .         u 

H 

ti 

100 

....             M 

H 

Si 

n 

....         ia 

47 

TO 

n 

MrfMh.    .             u 

l*« 

18 

18 

iting  Power. — The  reHecting  power  of  a  surface  is  mea- 

Iproportion  of  incident  heat  which  is  regularly  refli^Hed 

is  subject  has  been  investigated  by  Melloni,  and  by 

and  Dosaios,     Tlie  arranjjunivnt  unod  for  the  purpose 

ig.  304v 

MX  under  investigation  is  placed  upon  the  drcular 
:b  is  graduAti'd  round  tlin  cirftimferonoo.  The  pile  E 
i  the  horizontal  bar  HH',  which  turns  about  the  pillar 
lie  plate  D.  This  bar  ia  to  be  tw  a<ljusted  as  to  make 
nyn  impinge  upon  the  pile,  the  adjustment  being  made 
p(  th«  divisions  marked  on  the  circular  plate. 
I  an  observation,  tb«  bar  HH'  ia  first  placed  so  as  bo 
I  the  prolongation  of  the  principal  bar,  and  ttie  intensity 
ion  is  thus  ohti!rv4Kl.  Tlie  pile  is  tlien  placod  so  as  to 
lectod  rays,  and  the  ratio  of  the  inteimtty  thus  obtained 
radiation  is  the  measure  of  the  reflecting 
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The  following:  are  some  ol'  the  results  obtuned  by  Laf 
and  Detuuns.  the  source  uf  beat  employed  Iwiug  ft  Lucau-lli  luit 

rgw«r 

Bllvgr  i>l*te, Hi 

Gold, -BS 

Bi^, -tS 

SpMulitra  m*Ul, .    .    .   .    M 
Tla. -85 


PiiliKhod  iilHtinniu,  .    .    .  W 

Slwl. tl 

Zinc^ n 

i«m    .   .   . 


Laprovo§taye  and  Duialns  have  also  tdiown  tbiit,  in 
diatlicnniinuun  subiitaiiecft,  the  n;S«cting  power  vmxitm 


1 

ooosidinl 


increftsing  with  the  angle  of  incidence,  which  it  aUo  tba  i 
luminous  rays. 

In  the  ciLse  of  metals,  the  change  in  the  reflecting  power  { 
by  a  change  in  tltv  angle  of  incidence  is  not  neatly  so  gn*t;  I 
refltieting  power  rcniainn  aJinoHt  constant  till  aU>ut  70*  or  IV.l 
when  the  angle  of  incidence  exceeda  tliis  limit,  the  raflMling  |>K 
decTtoses,  whereas  the  opposite  i»  the  case  witJi  dlilliiilM| 
bodies.  I 

Finally,  Laprovostaye  and  Desains  have  shown  that.  ooatiM] 
what  was  previously  supposed,  the  reflecting  power  variei  mmi' 
to  the  source  of  heat.  Thus  the  reflecting  power  of  poU^td  d 
which  is  '97  for  rayK  from  a  Locatelli  lamp,  is  only  "OS  for  eobv  I 
In  either  co«c  it  will  be  seen  ttint  the  reflecting  powera  of  poK 
silver  are  very  great;  and  »ince  experiment  has  shown  that  lual 
and  calorific  rays  from  the  same  source  are  reflected  in  nearly  i 
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^■B,  the  Advantagea  atteocUng  tbe  use  of  silvered  specula  io 
^^  can  easily  ba  undentood. 

1.  DUnulre  Power.' — DifTuston  is  tlie  irregular  r«lluction  of  heat, 
tmm  owing  to  lh«  minute  inequaliUea  of  surface  which  are  met 
no  evflo  the  most  6ne]}--poli^hed  bodies.  I'he  existence  of  t)iiA 
r  Diay  very  easily  be  veriftiML  We  have  only  to  let  a  beam  uf 
Bt  beat  fall  ui>od  any  dead  tturfoce,  for  example  on  carbonate  of 
Od  placing  tiit-  jiile  before  tlie  surface  in  any  {laiitiun,  a 
ItOQ  oC  the  galvanometer  ta  observed,  which  cannot  l>e  attri- 
I  to  radiaticHi  from  the  surface,  since  in  that  case  tbe  effect, 
kl  of  instantly  attainiu){  its  iiiaximum,  as  it  actually  does, 
I  iaerease  gradually  a»  th«  subistaiioe  became  warmed  by  the 
EtUiDg  upon  it. 

reovar  iLe  heat  thus  diffused,  when  tlie  source  of  heat  in  a  body 
{fa  temperature,  such  as  a  lamp-flame,  is  found  to  agree  in  its 
rtjes  with  the  heat  radiated  from  a  body  at  high  temperature, 
b  be  altogether  diflerent  from  that  which  the  diflusing  surface 
able  of  radiating  at  its  actual  temperature.  The  diffused  heat, 
lample,  possco  through  a  plate  of  alum  without  undergoing 
labaorptioo. 

ft  diSbiiTe  power  of  powders,  especially  if  white,  is  very  con- 
ible,  as  i»  tihown  by  Uie  following  table  taken  from  the  results 

Iiiy  Laprovostaye  and  Desains: — 
DpTouvM  Foma 
WliilvlMd, •89 
tawimitOnt:, -7S 
aiMuUofbxl. •«« 
wiedge  of  this  property  enables  us  to  explain  the  intense 
krhich  is  felt  in  the  neighbuurhoud  of  a  white  wall  lighted  up 
tenuL 

Ihiioo  talcM  place  in  different  proportions  according  to  the 
lion,  and  is  a  maximum  for  potcta  near  the  direction  of  the 
krly-nfiocted  ray. 

|»  iateasity  of  the  ditnifunl  nys  varies  very  eonsidi-rably  aocord- 
P  the  aonree  of  heal  emploj'cd.  Tbb  wm  shown  by  ilvllooi  in 
bOcnrbig  tnanner: — 

Idbaeted  a  ray  of  lieat  upon  the  surface  of  a  disc  of  very  thin 
r  Qovvred  with  a  substance  capable  of  diffusing  the  rays.     The 

In  h  M  oonMoUon  »M*nr  botwwn  tbli  "dtfa^T*  ponr"  ud  the  "dUuiiTUr* 
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back  of  the  diac  vraa  coated  with  lsinp>black.     Wlien  the 
puxts  had  acquired  tlieir  perruanciit  beoip^ratures,  Oxe  jiile  wan  j 
ill  syiiiinoLriotl  posiUoDS  first  iu  front  of,  and  Uten  tx-'hind  tlie, 
of  the  dLtc,  bo  M  to  roccive  tlie  beat  due  to  radiation  and 
from  the  front  in  the  first  case,  and  that  due  to  radUtioa 
back  in  the  second.     It  waa  found  that  th»  ratio  of  the  two  i 
tions  of  the  pile  in  these  tvro  p<ieitioDa  ^-aried  very  niucli 
to  (be  source  of  lieat,  the  general  rule  being  ttiat  the  ratio  I 
difiused  to  the  radiated  heat  was  greatest  when  the  aotina  i 
n-as  luminouB,  and  at  a  high  (emporotore. 

478.  Poeuliar  Property  of  Lamp-black. — If  a  similiar  ea 
perfonned  with  a  diac  covered  on  both  sides  with  Uunp-bUdeJ 
be  found  that  the  diirerenc«  between  the  indications  of  tha 
the  two  positions  Ls  very  small.     ThLi  difference,  such  as  it  iitl 
be  accounted  for  by  a  alight  difference  of  temperature  betn 
two  faces  of  the  disc.    We  may  therefore  conclude  that  tlie  wb 
the  heat  has  bc^^n  absorbed  by  the  lamp-black.     This 
i-csult  ha.t  been  continued  by  direct  experiments,  which  hav 
discover  any  trace  of  rellecting  or  diffusive  power  in 
Further,  in  the  above  experiment,  the  ratio  oC  tJie  ii 
two  positions  of  the  pile  remains  constant  for  all  aour 
whence  we  see  that  the  absorption  of  rays  of  heat  by  Ump-U>tl>ij 
independent  of  the  nature  of  Uio  source.    We  tlius  see  tlw  aili 
of  applying  a  coating  of  lamp-black  to  all  ihennoMOpic  i 
intended  for  the  absOTptioo  of  radiant  heat 

479.  Diatbermaacy. — It  has  long  l>een  known  that  nomi  of  tlul 
from  SI)  iutonnely  luminous  body,  like  the  sun,  could  poM 
certain  transparent  substances,  such  as  glass;  but  it 
supposed  that  this  could  not  happen  in  the  case  oC  dark, « 
feebly  luminous  rays. 

Pict«t,of  Geneva,  was  Uie  first  to  eetablisfa  tlie  fact  of  i 
for  radiant  heat  in  general.     He  showed  that  a  the 
temperature  when  exposed  to  radiation  from  a  source  of  hi 
witbatanding  the  interposition  of  a  tnuuparont  lamioai  i 
that  this  could  be  owing  to  the  absorption  and  suboogmotj 
of  heat  from  the  lamina  wiw  complct«ly  exploded  bj 
showed  that  the  effect  occurred  even  when  the  int 
was  a  sheet  of  ieo.     It  is  to  Mclloni,  however,  that  we  i 
for  the  principal  n»ults  which  have  Ixxin  obtAioed  in  i 
thin  sul^ect. 
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InflacBoe  of  the  Nature  of  the  Snbstaiioe.— Th«  arrmogcnwnt 
hj  Melloni  for  t^^ling  the  diathermancy  of  a  solid  body  is 
•howD  in  Fig.  305.  The  Locatelli  lamp  A  radiates  its  heat  upon 
|>ile  E  wben  the  Bcreen  B  is  lowered;  the  hole  in  the  screen  C  is 
Ibe  purpose  of  limiting  tlio  pvncil  of  rnys.  Direct  r&diatj<a)  is 
allovred  to  take  place,  and  the  multioj;  current  aa  indicated  by 
|»lnao»iBt«r  0  i»  nottv).  The  diaUutnnaiiouB  plate  D  is  then 
tpcttl  between  tlie  laiop  and  the  pile,  and  the  current  is  again 


the  ratio  of  the  latt«r  current  to  the  former  Is  the  expres- 
!  tlia  diathermancy  of  ttic  plate 
I  tbt  CSM  of  liquids,  Melloni  employetl  narrow  troughit  with  sides 
'  thin  glaas;  the  ra^'a  were  first  transmitted  through  the  empty 
,  and  then  through  the  same  vessel  tilled  with  liquid;  the  dif- 
lof  the  two  results  thus  obtained  being  the  tneasare  of  the  heat 
by  the  liquid.     Specimens  of  the  results  are  given  in  the 
bwing  table: — 

nut  TiAiMMrmii  BT  DinrouiT  ScwTM(a0  rmoii  ak  Amcaiid  tguov 

tTlM  dlMct  bwt  b  nprtMMttd  bj  100.) 

Crtitauiud  Bomm. 


CWMrtaa 


M 
13 
67 
M 

10 


Citric  Mill, IB 

Bocbklun, U 

CUowttt 

8«0ky  s<W*'  (bnnrni ST 

Aqumartna  (Uctit  btus),     ....  It 

YcUcw  m^U, » 

Qwvtm  tonn&ftliiw, S7 

aalplwta  tl  eapft  Ibloa),      ....  C 


ColourUu  OtOM. 

(Thltfknn*  I  ta  min.) 

KUiit-gliiM, [rem  BT  to  St 

I'luf- gius, eito&9 

ri-'iaii>(lMi  |irr*rKh| AS 

Crvun-glmu  (Engliib) <0 

Wiudtiv-KlMH, M  lo  90 

CUourtd  01041:. 
(Tbloknin  1  is  mm  ) 

Dwp  Tinirt, C3 

Pftto  violot. <S 

Vciy  d«cp  blue, IS 

D«p  blu*. 38 

light  bhu, 43 

MinoalgTMO, 2> 

A|ipla  P'Xn. 29 

D«-p  yellow to 

Uranir*. 44 

VcUowUhn*^ C3 

CriDucm,     .    ,    ■    .    •    .    ■    .    .    .  SI 


DlitUled  water. 

AImoIuU  kloobol,  .... 
Sulfibiuic  Mb«,  ..,',, 
Bo^Ud*  ot  «Mb«a,  .... 

Spirit!  cif  tBrpasiiM^    .    ,    . 
CSira  nilphDiio  *e(d,      .    .    . 
Pore  nfuk  uiil.  ..... 

S«lulicn  (4  m>-mJi.      .    .    . 

Solution  of  klann.     .... 

SdnUon  <t  npi',     .... 

Sdntlak  of  potaih,   .... 

Solntiai  of  mimdowI^   .    .    ■ 

Hul^  (ToUowI, 

Co(m^  (yoltewi,    .... 
OIi>»«dl  (giMnioli  r«Uow),    . 
Oil  ot  eftraatSon*  (jdbwfahL 
CUofida  of  niliihar  (i«ddWl  bcw 
PyroUgMoai  wtid  (b««w»),    .    . 
miu  <f  iQC  (illcUly  j4lnr|.  . 


Ifc  will  be  seen  from  tliU  UUe  Ihti  though  diatbennu 
trannptircnt^  for  light  usually  go  together,  the  one  U  fmr 
a  tiKMuure  of  the  oilier.     We  see,  for  instance,  that  col< 
acid  is  much  lesa  diathermanous  than  stroogly-ooloured  chli 
aulphur ;  and  perfectly  colouilees  alum  allows  much  leca  bi 
than  deeply-coloured  glus  of  ihv  tuiuii-  ttucknt-Mi.    Tyodall 
that  a  solution  of  iodine  in  sulphide  of  carbon,  though 
ojwque  to  light,  allows  hc«t  to  paas  in  large  quantity. 

The  siiUitance  possessing  the  greatest  diatberatanous 
salt,  which  allows  the  passage  of  -Oi  of  the  incident  hnt  j 

The  diathonnao^  of  gaecg  has  been  inrestigmtcd  by  T 
gasxM  wL-nt  coDtaioed  in  a  lung  metallic  tube  with 
and,  in  order  to  obtain  greater  sensitivenan.  a  ootn; 
filled  with  hot  watfr  won  employed.    This  cube  was 
a  distance  from  one  end  of  the  thenno-ptle  aa  ex: 
balaitce  the  effect  of  the  radiation  from  the  principal 
when  the  tube  was  vacuous,  so  that  the  needle  of  the] 
in  thwe  circumstances  stood  at  zero.    The  tube  was 
diflcrent  gases  in  tuin.  the  compensating  cube  re: 
and  tlie  iiidicatioiks  of  the  galTanonetcr  were  found 
ing  to  tlie  ga.1  employed.    Compound  gases  ttopp«.-<l  i 
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I;  the  vajviura  of  aromatic  sulstances  increased  the  absorptive 
«r  of  dry  air  from  30  to  300  fold,  and  s  similar  edecC  was  pro- 
td  by  the  rapoar  of  water,  air  mon  or  tees  charged  with  aqueous 
oar  being  found  to  excroM  from  30  to  70  timut  tliu  abeoqitiOD 
lure  dry  air. 

k  is  prob*b]«  t)ut  the  aqueous  vapour  which  is  always  present  in 

ataKMpbere  greatJy  mitigates  the  beat  of  the  solar  rays,  and  aUo 

Itly  retards  the  cooling  of  the  earth  by  radiation  at  night    On 

[  other  hand,  vapour  being  a  better  absorber  ia  aUo  a  better 

iuor  than  dry  air,  a  circumstanoo  which  conduces  to  the  cooling 

I  QODdiuuatioD  of  the  upper  porUons  of  masses  of  vapour  in  the 

M^iMB%  and  the  oouiequent  fonnation  of  cloud. 

In.  iBflDsnce  of  Tbiekseas. — From  the  experiments  of  Jatiiin  and 

it  api>eam  that,  when  beat  of  definite  refrongibility  panses 

a  plate,  the  amount  tianamitted  decreases  in  geometrical 

as  the  thickneflB  increases  in  arithmetical  progreesion;  a 

which  may  also  be  expressed  by  saying,  that  if  a  plate  be 

in  imagination  into  l&miniu  of  equal  thickness,  the  ratio  of 

i'  Wt  olworbcd  to  the  beat  transmitted  is  the  same  for  them  alL 

the  awe  of  mixed  radiatwn,  auch  aa  is  emitted  by  nearly  all 

oouroea  of  heat,  we  must  suppose  t3iia  law  to  hold  for  eadi 

ooostituent;  but  some  of  these  are  mon  easily  absorbed  than 

aiMl  as  theee  accordingly  diminish  in  amount  more  rapidly 

the  othen,  the  beam  as  it  proceeds  on  its  way  through  the  plate 

tree  a  diiaracter  which  fits  it  for  transmission  rather  than  absorp- 

Hccoe  the  foremost  layen  absorb  much  mom  than  the  later 

,'  if  the  plats  be  of  considerable  thieknen. 

tbfl  CAM  of  bodies  which  are  ojioque  to  hcAt,  absorption  and 

lion  are  mere  aorface-ACtiota.    Itut  in  diathermanous  solstanocs, 

fte  have  seen,  abeorptioD  goes  on  in  the  interior,  so  that  a  thick 

li  abaotfae  more  heat  than  a  thin  one.    The  same  thing  is  true 

liganla  radiation: — a  diatbermaQous  substance  radiates  from  its 

rior  oa  well  as  from  it«  sorface,  as  proved  by  the  fact  that  a  thidc 

It  lailtates  more  heat  than  a  thin  one  at  the  same  temperature^ 

n.  Ealatien  between  Radiant  Heat  anil  Light.— The  property  in 

u  of  which  particular  aulstanccs  select  particular  kinds  of  heat 

kbaorptkiD  and  other  kinds  for  traaamlnioi),  was  called  by  Melloni 

mochroae  (literally  beat-colour),  from  its  obvious  analogy  to  what 

colour  in  the  case  of  light     A  piece  of  coloured  glass,  for 

ipio,  selecte  rays  of  certain  wave-lengths  for  absorption,  and 


violet  rays  can  be  detected  by  tbeir  chemical  Bciton,  or  l> 
them  to  fall  upon  certain  Aubstances  (called  fiuoreaeeixt)  whic 
luminoua  when  exposed  to  their  action,  but  have  exceedin 
heating  effect.  The  heat  becomes  considerable  in  the  yelloi 
of  the  spectrum,  stroiig^-r  in  Uie  rod.  and  gue»  on  iocrewii 
invisible  portion  beyond  tlit:  red,  up  to  »  oertain  point,  1 
it  gradually  diminiahes  till  it  becomea  inappreciable. 

It  would,  however,  be  an  error  to  suppose  that  thi>re 
spectrum  consisting  of  distinct  raj's  from  those  which  form  tJ 
ous  spectrum,  and  that  tlie  two  spectra  ore  supcrimpceed 
thv  other.  There  is  avvry  reason  for  believing  that  the  oo 
the  fact,  and  that  tlie  nuliations  which  coastitute  hc«t  ud 
esMttntially  identical.  In  operating  upon  nys  of  dofiol^ 
bility,  it  1.1  never  found  poAaible  to  diminish  their  heating 
minating  powers  in  unequal  proportions;  an  interposed  pLa 
partially  transparent  material,  if  it  stops  half  the  ligh^i 
half  the  h>.-at  M 

U  ia  true  Uiat  the  moat  Intense  heat  U  not  found  9 
luminous  portion  of  the  spectrum;  but  it  is  probable  that 
like  tlie  ear,  i»  more  powerfully  affected  by  quick  thaD 
vibrations  when  the  amount  of  ener^  is  the  same;  and  ai 
note  contains  far  less  ener^  than  a  bass  note  which  stiika 
as  equally  loud,  so  a  bluo  ray  contains  much  Ices  energy  11 
ray  if  tiioy  »trikc  the  eye  as  equally  bright  ai 


The  inviftibility— at  lea^t  to  human  eye»— of  Uw 
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tie,  aim)  at  the  same  time  rays  of  a  more  refrangible  character 
ttddol.  Tliis  stri^njicthEDiiig  of  the  rays  formerly  emitted,  with 
the  coDtioual  addition  of  new  mys  of  highvT  KfranglbDity,  govs  od 
w  long  u  ih«  t^rmperature  of  th«  body  oontinues  to  rise.  The  lumi- 
noni^  of  the  body  begitui  with  the  eintsiitoii  of  the  le&st  refnui^ble 
of  tlua  risibla  rays,  namely  the  red,  and  goea  on  to  include  rays  of 
other  colours  as  it  passes  from  a  red  to  a  white  heat.  Tyndall,  by 
tboa  gTBduaUjnising  the  t«mperature of  a  plntimim  spiral,  o1>t&ined 
tba  following  ueunrcs  of  the  heat  received  in  a  deUmte  poaitioa  in 
the  dark  portion  of  the  ajtectrum: — 


fi^nL 
Xtari^    . 

bwk.     . 
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10 
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FuUnd, 97 
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Oenerally  speaking,  the  nya  which  fall  within  the  limits  of  the 
*^^*Uo  Bpectmin  are  the  most  tiansmissible.  and  the  extreme  raya  at 
******  ends  of  the  complete  spectrum  are  the  soonest  atieorbcd.  Thia 
*  Jm>bably  the  rcaaon  why  the  invisible  portion  of  the  solar  spec- 
^'"^in.  thoQgfa  ULtcnding  to  a  considerable  distance  in  both  directions, 
P  imm  eztanaiva  than  tliat  of  the  electric  light  The  extreme  rays 
"*'*^  probably  been  aheorbed  by  tlie  earth  a  atmosphere. 

OnliBary  glasn  ta  eomparatively  opaque  to  both  daasea  of  dark 
'*->^  Rock-salt  Burpaasea  all  other  substances  in  its  transparency 
**  the  dark  rays  beyond  the  red;  and  quartz  (rock-crystal)  is  very 
I'^AspanHit  to  the  dark  rays  beyond  the  violet  Alum  is  remarkable 
»  a  nibstance  which  a  exmwJingly  opaque  to  the  ultra-red  rays, 
l^otj[>h  exceedingly  transparent  to  visible  rays;  and  T\-nd&ll  has 
lo^itiil  that  a  solution  of  iodine  in  sulphide  of  carbon  is.  on  the  con- 
"•ry.  hitj'Iiiy  transparent  to  the  ultra-red  and  ojiaquQ  to  the  luminous 

Qnat  intemt  was  excited  some  yeai«  ago  by  Stokes'  discovery 
•i***  the  ultra-violet  rays,  when  they  fall  upon  fluoreecent  sobstancca, 
<M«fi»  a  luwcring  of  refrangibility  whidi  brings  them  within  the 
li^U  of  human  viaion.  Akin  subnoquently  proposed  tlie  inquiry 
vbither  it  was  poaaible,  by  a  converM  ehaiige,  to  tranxfumi  the 
Iftra-ml  into  visibte  rays,  and  Tyndall,  hy  taking  advantage  of  this 
jkiculiar  property  of  the  solution  of  iodine,  sacoeeded  in  ctrfciing  the 
iinuatiuti.    Uu  brought  the  rays  of  the  electric  lamp  to  a 
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An  immense  number  of  dark  lines  <ezist  in  the  spectmm  of  (k 
sun's  light,  and  no  doubt  is  now  entertained  that  they  indieste  tbf 
presence,  in  the  outer  and  leas  luminous  portion  of  the  sun's  atn^ 
sphere,  of  gaseous  substances  which  vibrate  in  periods  eom^oa£f 
to  the  position  of  theee  lines  is  the  spectrum. 


CHAPTER    XXXVIIL 


TUERKO-DTKAHICS. 


•ctioa  betweea  Heat  and  Work.— That  1)«at  can  be  made 
yrotk  ia  evident  when  we  connider  that  the      ^^ 
ste&m-engines  and  other  heat-engines  is  da«       9^ 


hy  means  of  work  wo  c&n  produce  hunt. 
iUi  an  apparatus  cnlk-d  the  ^rc-Dyringo  or 
ler-box,  consisting  of  a  piaton  working 
glow  barrel.  If  a  piece  of  cotton  wool  moist- 
btBulpliidu  of  carVwn  be  fixed  in  the  cavit7  of 
3d  the  air  be  Uiun  suddenly  oompn^scd,  no 
be  developed  as  to  produce  a  visible  Hash 


'  explanation  of  this  effect  was  at  one  time  put 
i  vnx  maintained  Uiat  huat  or  ocUorU;  wa«  a 
Kmdi^ritblft  fluid,  which,  whiui  introduced  into  a 

PI  at  once  an  increase  of  volume  and  an  eleva- 
rotare.  If.  then,  the  body  was  compressed, 
Irhich  had  served  to  dilato  it  wa&,  so  to  speak, 
1^)  u)(l  hence  tlie  development  of  hcab.  An 
pneequeDce  of  this  tlieorj-  is  that  heat  cannot 
or  diminiiih«d  in  quantity,  but  that  any  addi- 
mantity  uf  heat  in  one  part  of  a  systum  must 
Lted  by  a  oorrenpondiiig  lom  ui  anotlier  part. 
m  that  iliure  are  oaaoa  in  whicJi  heat  is  pro- 
wo  bwlioM  in  Gootnct,  without  our  being  able 
Iny  tiacM  of  this  compeiLtating  proceee.  An 
is  the  production  of  heat  hy  friction. 


ft 


,  the  Ihonwl  capadtj'  ot  the  bod;  wm  utppiiMd  la  ba  dimiBithod,  ■> 
bat  MMUiiMil  ia  it,  wilbMrt  UBdargotiig  •■;  Iiictm*^  ww  abU  l« 


its  axis.  While  tints  routing,  it  is  prawod  by  tivo 
covered  with  leather.  The  water  is  gradually  wannvd,! 
enters  into  ebullition,  when  the  cork  is  driven  out.  followed 
oF  ."t^-aiii.  Friction,  then,  may  produce  on  intenae  hflBtiiif 
bodies  rubbed  together,  without  any  corrwponding 
where. 

At  the  cloeo  of  la«H  wntury,  Coant  Bumfurd  (tn 
eorvice  of  the  Bavitrian  govemuient)  called  atumlinn  i 
amount  of  heat  generated  in  the  boriitg  of  oannoo,  aod  foi 


ii  was  entirely  gratuitous,  no  tlilference  having  ever  been 
tetWGon  the  tfacmuil  proptrtiM  of  outtro  snd  uf  comniiDut«d 
id.  to  account  for  the  olxterved  effect,  the  latent  heat  thus 
be  rendered  sensible  in  the  abrasion  of  a  given  weight  of 
be  Bufficieot  to  niso  950  x  70,  tliat  is  66,500  timee  its 
hi  of  netal  through  I*. 

to  ny,  the  calorie  tlieory  survived  Um  exposure  of 
,  and  tlie,  if  poasible,  Htill  more  conclusive  experiment 
nphry  Dar^r,  who  showed  that  two  pieces  of  ice,  when 
her,  were  conv«rt*d  into  water,  a  change  which  involves 
glution  but  the  absorptiun  of  latent  heat,  and  whicli  cannot 
hy  diminution  of  thermal  capacity,  ainoe  the  specific 
er  is  touch  greater  than  that  of  ice. 

Ee  Rumford,  miuntAincd  that  heat  consisted  in  motion, 

no  view  was  maintained  by  Dr.  This.  Young;  but  the 

caloric  DeverUieless  continued  to  be  gcnenUly  adopted 

the  year  1840,  since  which  time,  the  experiments  of  Joule, 

It  advocacy  of  Mayer,  and  the  toatbeniatical  deductions  of 

I  Bankine,  and  Clauaius,  have  cumplct«ly  established  tlie 

1  ttteory  of  beat,  and  built  up  an  accunte  »cieitGc  of  tliermo- 


nit's  Experiment. — The  relations  existing  between  elec- 
[  thermal  pheoomeoa  had  considerable  influence  in  leading 
i  views  rv^artiing  the  nature  of  heat.  An  experiment 
B  foMault  illuatratca  theae  reiotiooi,  and  at  the  muats 
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by  th«  passage  of  an  electric  current  (csUett  olectro-tDSgnet 
while  the  disc  is  turning,  the  current  is  made  to  pan,  tlie 
become  strongly   magnetized,  and   a   peculiar  action    takw] 
between  them  and  the  dtsc,  consisting  in  the  formation 
current*  in  the  latt«r,  accompanied  by  a  reaiotanoo  to 


riK  io&-roiK«itt^  Xpfntm 


long  aa  the  magnetization  is  continued,  a  oon»Id<>rahl«  ' 
necessary  to  maintain  the  rotation  of  the  dioc;  and  if  the 
be  continued  for  two  or  three  minuteci,  the  diac  will  ba  (J 
hare  risen  Bonie  50'  or  60'  C.  in  temperature,  the  heat  thu*  i 
by  the  disc  being  tlto  cquivalant  of  thu  work  done  in  mnj 
tlifl  motion.  It  is  to  be  understood  that,  in  tlus  expnii 
rotating  disc  doea  not  touch  the  armaturce;  the  reebUnc 
experiences  is  due  entirely  to  iniisiUe  agencies. 


joule's  expebiment. 
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fment  may  be  varied  by  setting  tJie  disc  in  very  rapid 

^Ic  no  cum^ni  ia  passing,  then  lea\'ing  it  to  itself,  and 

'  &fl(irwardfi  enustiig  the  current  to  pass.   The  reeult  will 

[disc  will  be  brought  to  rtst  alnioat  inGtantaneoiulj,  and 

)  a  very  itlighc  elevation  of  tenipiutiturv,  Uio  beat  gained 

livalrnt  of  llie  motion  whidi  is  destroyed. 

Equivalent  of  Heat, — The  first  prcci.'«e  detcnnina- 
aerical  relation  subsisting  between  heat  and  mechaui- 
obtained  by  the  following  experiment  of  Joole.  He 
an  agitator  which  is  tiomcwhat  imperfectly  r^proieiiti'd 
,  eomiistitig  of  a  vertical  .shaft  carrying  ncvoral  seta  of 
Iving  between  stalioimi^'  vanea,  these  latter  serving  to 


\y^ 


Tt  ITT    riTiiMfciii  ■  nti  "I'll"   "n'    '" -' 

Uc|tud  iti  tlw  vemel  from  being  l>odily  whirled  in  th« 
rotation.  The  vessel  was  filled  with  water,  and  the 
made  to  revolve  by  means  of  a  cord,  wound  round  the 
of  the  sliaft,  carried  owr  a  pulley,  and  attached  to  a 
ch  by  it«  dcsot-nt  drove  the  agitator,  and  fiiniished  a 
the  work  done.  The  pulley  wan  mounted  on  fricUon- 
the  woigltt  cotild  be  wound  up  witliotit  moving  the 
lieu  all  currectioiia  had  been  applied,  it  was  found  Uiat 
monicated  to  the  water  by  the  agitation  amounted  to 
L-  Fatii-i:Dli<.-it  for  uvery  772  foot-pounds  of  work 
in^'  it  Tliia  nvtult  wai*  veritivd  by  variouH  other 
it,  and  may  \>e  amumed  to  be  correct  wttliin  about 


cnH'TDOc-pounuti.- 

The  tnschamcal  equivalent  of  tlie  pouiMl-degree  Ceutig 
this,  or  about  1390  foot-poundti.  H 

The  number  772  or  1390,  according  to  Hie  scale  of  ten 
adopted,  is  coiumonly  called  Joule's  e^ivaleitt,  and  is  di 
formulae  by  the  letter  J.  If  we  tAlc«  tho  kilo<;rMiiiHo-dei^ 
grade  for  unit  of  boat,  and  thv  kilogrunmetn  for  unit 
Ihu  value  of  J  will  bo  4S4,  niid  the  nauiu  ^'a)uu  will  ba 
the  ^amme-dcgrcc  and  grainnie-nietro.  The  girnmin*^! 
gnunme-ceutimetrv  will  give  4S,400,  and  the  gnunue-de 
«rg  will  give  tlie  product  of  thLi  number  by  9tt],  whk 
millions,     lliis  is  accordingly  the  value  of  J  in  the  CO^  i 

488.  First  Iaw  of  Thenno-dynainici, — Whenever  worl 
formed  by  the  agency  of  beat,  an  amount  of  heat  disap5M 
valent  to  tlie  work  performed;  and  whenever  mechanical 
spent  in  generating  heat,  tho  boat  generated  is  oqnlviltf 
work  thus  spent;  that  ut  to  say,  we  have  in  both  case* 

W  =  JH; 


W  denoting  the  work,  H  tlie  heat,  and  J  Joule's  eqmvalfl 
is  called  tbe/rsC  law  of  thm-m(hdynav>ica,and  it  isa  partJd 
of  the  great  natural  law  (Chap,  ix.)  which  asscrto  thai  j 
be  transmuted,  but  is  never  crcatod  or  destroyed. 

It  may  be  well  to  remark  hero  that  work  is  not 
rather  the  process  by  which  «o«rgy  ts  transmuted, . 
being  measured  by  the  omounij 


sa  paras 
tbatH 

ot  col 
anwrn 


Joule,  some  ex&mples  of  transmutation  of  en«rgy;  but  it 
inatruiotive  to  consider  some  additional  in^tancw. 
artaAin-«DgiDO  is  ciuployi'd  in  liauling  up  cooU  from  a  pit, 
i  of  hvt  is  dcfltroyed  io  the  engine  equtvoletit  to  the  on«i;g}- 
wbicb  is  gained  by  tlte  ooaL 
le  propulftion  of  a  Bteam>boat  with  uniform  %'elocity,  or  in  tlie 
of  a  nulway  train  with  uniform  velocity  on  a  level,  tliere  ia 
of  potential  energy,  neither  is  there,  as  far  as  the  vessel  or 
eoftcenied,  any  gain  of  Icinetic  uncrgy.  In  the  case  of  the 
r,  the  immwliat«  effect  coneiHto  chiefly  in  the  agitation  of  ttie 
which  involven  th«  geoorattoa  of  kinetic  energy;  and  the 
la  effect  of  tliitt  is  a  wanning  of  the  water,  as  in  Joule's  oxperi- 
Jn  the  esse  of  the  train,  the  work  done  in  uiatntaintng  the 
I  i»  Rpeot  in  friction  and  concusaiona,  both  of  whidi  operatioiiit 
as  the  altimate  effect  Here.  then,  we  have  two  instances 
Eh  heat,  after  going  through  various  transformations,  reappeara 
at  a  lower  t^nnp^raturw. 

a  train  on  a  level,  the  brut  <lestroycd  in  the  engine 
equivalent  niiiinly  in  the  energy  of  motion  gnim-d  by  the 
this  energy  can  again  be  transformed  into  heat  by  turning 
steam  and  applying  brakes  to  the  wheelfl. 

canDUD-hall  is  tired  against  an  armour  plate,  it  is  heated 

if  it  fails  to  penetrate  the  plate,  the  energy  of  the  moving 

ia  this  case  obviously  converted  into  beat     If  the  plate 

I  aad  tiie  bail  lodgea  io  the  wooden  hacking,  or  ia  a 


plltcad  tba  VMiels  !n  commtinicAUon.  Thu  oumpraiHwd  ali 
expaDdfld  to  double  its  volume,  Iwt  the  temperature  of  th*  tm 
iog  water  was  unaltered,  the  heat  coiivert«d  into  oaergx  of  a 
by  the  expaimion  being,  in  fact,  compensated  by  tlie  best  gw 
in  the  destruction  of  thiM  motion  in  the  prt^viously  vaoiPDi  ^ 
This  experiment  shows  tliat,  vrheo  air  expands  without  btfi 
overoonie  extemn,!  redstaDOW,  ita  temperature  Is  not  auuuhly  dii 
by  ib«  expansion. 

The  work  done  by  a  gas  in  expanding  against  uuifunn  hyiln 
or  pneumatic  pressure  may  be  computed  by  mtUtiptyvng  &i  t« 
of  ivtumit  fcy  tJie  prfJtmire  par  unit  area.  For,  if  we  mppH 
expanding  body  to  be  immersed  in  an  incompreaaible  fluid 
weight,  confined  in  a  cylinder  by  mearu  of  a  movable 
ounfitont  prewure,  the  work  done  by  the  expanding  body  ' 
in  driving  back  the;  pi»tun,  Let  A  be  the  arta  of  the  pittaa, 
distance  it  is  pushed  liock,  and  p  the  prenon  par  unit  area. 
the  increment  of  volume  U  A  x,  and  the  work  done  u  the  prod 
the  force  pA.  by  the  distance  x,  wliicb  is  the  aanie  a«  the  aai 
phy  Ax.  ■ 

490.  Difference  of  the  two  Speeifie  Heats. — Let  a  gnuom 
occupying  a  volume  V  cub.  cm.  at  the  abM>lute  tciuperatva 
ruls>.-<l  lit  the  GoiMtant  pressure  of  P  gramnies  par  aq.  on.  I 
temperature  T+l^     It  will  expand  by  the  amount  ^,  and  « 


flui<« 
wiQw 


vp 


work    to   the   amount     ^  ^  pushing  back  the  surntu 
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<  woric  done  in  the  t^xpniuiion  of  1  gnunme  of  air  at  aay 
pnman  when  ratseil  1*  C.  in  temperature,  and  ita  tber- 
^otvalont 

exoeBB  of  tho  specific  beat  at  constant  pressure  above  the 
B  beat  at  oomtant  volarue. 

Bm  above  alculation.  tlie  only  factor  which  is  peculiar  to  air 
|3  in  tht  denotainator.  Hence,  if  we  multiply  thv  result  by 
,tbjit  !».  by  the  mara  of  i.  litre  of  air,  we  shall  obtain  a  pnxluct 
I  wuuld  be  the  same  for  all  gases — at  least  for  all  which  liave 

taOciant  of  ezpanaioo  ^^    But  the  prodact  oi  the  specific 

If  ft  sabsUnoe  by  the  niaaa  of  a  given  volume  of  it,  is  the  tlier- 
ipacity  of  that  volume.  Honoe,  tfis  diference  of  the  tvM  ihcr- 
iipaatiet  of  a  given  volume  vt  the  same  for  all  gaaea  at  the 
knn»ur«  and  Umperature. 

Bming  Rdgnoolt')!  value  of  Uic  specific  boat  of  air  at  comtAnt 
p*,  "SSTS,  the  Kpedfic  beat  nt  cowttiint  volume  will  be 

int  lequircd  to  produce  a  given  change  of  temperature  in  a 

fhen  its  volone  changes  in  any  specified  way,  may  be  oom- 
lo  a  very  dose  approximation  hy  calculating  tlio  work  done 
against  external  roeistencoa  during  it«  change  of  volume, 
the  hcat^quivalcnt  of   thin  work   to  the  heat  which 
have  ptodtwed  tlie  Mine  change  of  t«tnp«rature  at  constant 

abon  calculation  of  the  dilTerence  of  the  two  specific  heats 
ttpoD  the  previously  knovi-n  value  of  Joule's  oquivali-ot^     Con- 
fmm  the  work  done  in  the  expausiun  of  air  nt  coiulMnt 
I.  ouiubii>ed  with  the  ratio  of  the  two  specific  heats  and  the 
value  of  one  of  them,  the  viilut>  of  Joule's  e<)uivalenC  can 
i|mL     a  calculation  of  this  kind,  but  with  on  erroaeous 
the  specific  beat  of  air,  was  niodu  by  Mayor,  before  Joule's 
Mit  hitd  Ih^'U  ilfUrnnindd. 
k  Thsmic  Eagioea — li>  wary  form  of  t]>onnic  engine,  work  is 
by  means  of  expansion  produced  by  heat*  the  force  of 
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expansion  being  usually  applied  by  odniitUn;;,*  ft  hot  elostifl 
pi-f  ss  alternately  on  opposite  Aides  of  a  piston  travelling  iii 
OF  tlio  heat  received  by  tlie  elastic  fluid  from  tbo  fumaa 
\viikf,  out  by  conduction  through  the  sides  of  the  oontat 
luiothcT  part  is  carried  out  by  the  fluid  whea  it  ecoapw  iui 
or  into  the  condenMir,  the  fluid  thuj«  cMaping  U-ing  al 
temperature  lower  than  that  at  which  it  entered  tlio  cyll 
higher  than  that  of  the  air  or  condenser  into  which  it  oua] 
a  third  part  has  dtsappeai-ed  altogether,  and  ceased  to  exist 
having  been  spent  in  the  pcrfonnance  of  work.  ITiis  thirf 
the  exact  equivalent  of  the  work  performed  l^  th«  daotic 
driving  Uie  piitton,*  and  may  tliereforo  be  called  th«  htai 
tlio  lictU  eonvtrttd. 

The  t;0icieney  of  an  evffine  may  be  measured  by  th«  ra\ 
heat  tfni»  convertfd  to  the  «cAoIe  amount  of  heat  which 
engine;  and  we  shall  use  the  word  rj^aenetf  in  this  aeaaei 

492.  Camot'a  Investig^ations. — The  Gist   approach  to  u 
scienoe  of  thenao-dynsmics  was  made  by  Camot  in  IHH, 
soning  based  on  the  theory  which  regarda-  heat  as  a  su' 
which  can  b«  modified  mo  aa  to  nmiain  cunduaive  wbtn 
rogarded  as  a  fona  of  energy,  he  eRtabltubed  the  foUoving' 
dpies: — 

I.  The  thermal  agency  by  uAiVA  medianical  r^txi  i»ay  ht 
is  the  tnttuferenct  of  heat  from  one  body  to  another  at  a 
peratttre.    These  two  bodies  bo  calls  the  aourer  and  tha  r 
Adopting  th«  vievr  generally  received  at  that  time 
nature  of  heat,  he  supposed  that  all  the  hrat  rcci-ivwl  lir 
was  given  out  by  it  again  as  heat;  so  that,  if  aJl  lalvnl 
prevented,  all  the  heat  drawn  by  the  engine  from  the 
given  by  the  engine  to  the  refrigerator,  just  as  the  watc 
it«  descent  turns  a  mill-wheel,  runs  off  in  undimtuuthrd 
a  tower  leveL    We  now  kttow  that,  whtin  heat  is  let  di 
an  engine  from  a  higher  to  a  lower  tenpemturv,  it  if  •! 
amount  by  the  equivalent  of  the  work  done  by  the  •  i 
external  rcsistanccM. 

He  further  shows  that  the  amount  of  wor^  which 
by  letting  down  a  given  quantity  of  heat — or,  bm  w« 
our  present  knowledge,  by  partly  letting  it  down 

>  I(  nccatlr*  trork  b  ioot  by  th*  Bsid  ia  t«j  p«rt  of  Um  Mnln  < 
pnws  luck  th«  fluid),  ttw  tlfthnk  lua  tt  wmk  U  lo  faa  I 
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vtoTK.  iB  incrwwed  by  rawing  the  temperatur*!  of  the 
>  bv  lowering  th«  tomjK'raturo  of  Ui«  re&igerutor ;  and  estab- 
tbo  fiillowing  important  prin<uple: — 

A  jK-r/tet  t&cT-mo-dynamie engine iv«uch  that,  w/uitmeramownt 
hanical  tffect  it  can  derive  from  a  certain  tf{ermal  atftmy; 
e^uol  amount  be  epent  in  xmrking  ii  btuJeuurda,  an  cijual 
I  thermal  effect  wiU  be  prodtutd.  This  is  often  flxpraased  b^ 
that  k  compUtely  t«wnW«  tngim  is  «  jxTject  mffine. 
'  *  l'*^/<et  engine  is  ben  mttnt  ui  engine  which  poMcsees  tb« 
nutii  uf  efficiency  compatible  with  ttie  given  tvntpcraturesof  itt 
:  and  refrigeiator;  and  Carnot  here  asserts  that  all  completely 
ubl6  engines  attain  this  maximuni  of  efficiency.  The  proof  of 
i  important  principle,  when  adapted  to  the  present  state  of  our 
tlv'Igo,  in  as  follows>— 
Ut  there  be  two  tJicnno-dynaniic  i^nginca,  A  and  B,  working 
tba  Hanio  Hource  and  refrigcretor;  and  let  A  bo  completely 
■ifale,— Let  the  effioiancv  of  A  be  m,  so  that,  of  the  quantity  Q 
i  «rtuc3i  it  draws  from  the  source,  it  oonverta  m  Q  into  uiechan- 
Icfltct.  and  gives  Q  — m  Q  to  the  refrigerator,  when  worked  for- 
:  Acconlin^Iy,  whtn  worki-d  backwards,  with  the  help  of 
applied  to  it  from  without,  it  takes  Q— trQ  from  tho 
r,  and  givu  Q  to  th«  souioe. 
,  like  manner,  let  tJw  effideney  of  I)  be  m',  w  tJint,  of  heat  Q' 
It  drawn  from  Um  sovroe,  it  converts  m'Q'  into  mechanical 
,  and  gives  Q'— ni'Q'  to  tlie  refrigerator. 

this  *ngiu*>  W  worked  forwards,  and  A  backwards.     Then, 

;  tlw  whole,  lieal  to  tlic  amount  Q'  —  Q  is  drawn  from  the  source, 

ni'Q'— inQ   is   converted    into   mecluinical   efl'ect,   and   beat 

[— (wi'Q*— «iQ)  a  given  to  the  rofrigmrator. 

'wu  make  m'Q'  =  m<j.  that  in,  if  we  suppose  the  external  etfect 

I  ootlung.  heat  to  the  amount  Q'  -  Q  or  (^.  - 1 1  Q  ia  carried  from 

to  the  refrigerator,  if  m  be  greater  than  m',  tliat  in,  If  the 
•nfine  be  the  more  efficient  of  the  two.     If  the  other 

I  tlw  note  efficjent,  heat  to  the  amount  (i  -^•)  Q  U  trans- 

(he  refrigerator  to  the  source,  or  heal  pumps  itself  up 

coldmr  to  a  wanner  body,  and  tfiat  by  means  of  a  machine 

I  ill  iM>lf-acting,  for  B  does  work  which  is  just  sufficient  todrive  A. 

\m  naaolt  we  are  entitled  to  oaaume  impoeeible,  therefore  B  cannot 

.  affldrnt  than  A 


M  examples  of  revt-r^ibte  operations. 

When  a  gas  expaiKis  at  constant  temperature,  it  miw(  h 
from  without  with  a  definite  amount  of  heat;  and  when  I 
at  the  same  temperature,  to  its  original  volume,  it  gives  i 
amount  of  heat. 

Wlion  a  gas  expands  sdisbotk^  (that  U  to  saj, 
cliau;^-  of  heat  with  oth«r  faodiea),U  fiilk  in  tenpcntun; 
it  i«  comprcsned  adiabatically  from  (heoondilion  ihuH  attd 
origiiial  volume,  it  regains  it^  original  temperature. 

When  water  at  0*  freezes,  forming  ice  at  0".  under  at 
preasurc,  it  expands  and  does  external  work  in  puabiug 
atmosphere  It  also  ^nvcs  out  a  di-iinitc  quantity  of  beat 
latuiit  hoot  of  liquefaction.  1'his  ice  con  be  melted  at 
pressure  and  temperature,  and  in  Uiii  rereive  prooen  H 
suppUod  witli  hoat  cquiU  to  thnt  which  it  formerly  g»T«  o 
since  the  fihrinkage  will  be  equal  U)  tlie  fonner  expaodoOi 
sure  of  ti>e  surrounding  atmosphere  will  do  work  equal  |i 
merly  done  against  it.  fl 

On  the  other  hand,  conduction  and  radiation  of  heatiffl 
irreversible,  since  in  these  operations  heat  alwaya  puna 
wanner  to  the  colder  body,  an<l  refuses  to  pass  in  the  oppo 
tion. 

494.  Second  Law  of  Thermo-dynambM. — It  follows, 
ciple  thus  estabti»hed,  that  all  revenibU  engine*  with 
Tkerotares  of  source  and  refriimator  have  thei 


^^^^  KrrWiKSCV  OF  RfcVRIUUlU.K  KNOtklL  469 

mSth*  Mffiiu  taice«  in  and  ffiva  mU  heat;  and  the  efficiency  of 
U  an  eriffine  ia  Ute  limit  ofpombU  rfficieiuy  fvr  any  engine. 
pki  Appendicus  to  thu  law  it  bait  bvcn  furtlior  c«tA)<lb(hi;(l: 
p.  That  whoD  oae  of  Uie  two  toinficraturaa  is  fiz«cl,  the  effioiency 
^dtii]>]y  proportioiul  to  the  ditferonce  between  the  two,  provided 
k  dilferaoca  is  veiy  small.     This  bulda  good  for  alt  scales  o£  tein- 

11.  That  the  efficiency  of  a  rovensible  engine  is  njiproximntoly 

t~,T  denoting  the  upper  and  T  tlte  lower  t«raperature  between 

■kicli  the  ei^jine  works,  rockoocd  {roin  absolute  zero  (§  •i^o),  on  tho 
V'-tbwmoaistvr.  This  U  more  easily  nunemborcd  whou  iitatcd  in 
■e  following  uioro  symmetrical  form.  Let  Q  denote  the  qitaiitity 
E  lictt  takvu  ill  ni  the  absolute  temperature  T,  Q'  the  (quantity 
pvin  out  at  Uie  absolute  temperature  T,  and  consequently  Q-Q' 
ft*  heat  oooverted   into  mechanical  vflt-ct,  then  we  shall  have 

k4M.  Proof  of  romola  for  Efficiency.— This  important  proposition 
^n  be  wtablialiod  a»  follows: — 

P>gt  tba  rolome  and  pressure  of  a  given  portion  of  gas  be  re> 
■Mated  by  the  rectangular  oo-ordinates  of  a  movable  point,  which 

■  viU  aXi  "  the  indicating  point,"  horizontal  distance  representing 
BtUDe,  and  vertical  distance  preesuro. 

hrbm  t]iD  tempt-rnturo  is  constant,  tho  cu^^-e  which  is  the  locus  of 
p  indicating  point  in  called  an  iaotlttrmal,  and  tlic  relation  between 
m  eo-ordinatiM  la 
I  •p  =  et 

■art  C  it  a  oonatant.  dopeniling  u[k>)i  the  given  temperature,  and 
mhet  proportional  to  the  absolute  temperature  by  air-thermometer, 
nriien  tlie  cfaaogea  of  volume  and  pressure  are  adialiatic  (§  497). 
Uven  change  of  volume  will  produce  a  greater  change  of  pressure 
po  wht-'n  they  ar«  isothermal,  and  the  cur\'e  traced  by  the  indlcat- 

■  point  in  called  an  adiobatic  line.  Whenever  the  given  gas  gains 
■low*  heat  \ry  interchange  witli  surrounding  bodioa,  tho  indicating 
pu  will  be  carried  fmm  one  adiabatic  line  to  anotJicr;  and  by 
■Baadve  additions  or  subtractions  of  tunall  quantities  of  heat  wo 

■  gvt  any  number  of  adiabatic  lines  as  near  together  tta  we  pleaae, 

■  drawing  a  number  of  adiabatic  lines  near  together,  uitd  a  number 


tomporature.     Ill    llilii    W 

"'  "^  expressed  oo  the  absolute  l8 

air  or  ga^  thermoineter,  be  T,  Ut  the  small  increaAe  of  vi 

V.  ajid  the  mean  pressure  P,  so  that  the  work  done  agminst 

resistances  is  Pv. 

lu  B  C  the  gas  expands  adiabatically  and  fulls  m  Uat 

Let  tliu  full  of  temperature  be  r.  ifl 

In  CD  it  i»  compres.'Kd  at  the  constant  tcmporsturc  T9 

In  D  A  it  is  compressed  adiabaticaUj,  and  ends  by  beii 

same  state  in  which  it  was  at  Uie  ooDimeooement  of  thit 

four  operations. 

Since  the  external  work  done  bj  a  gas  is  equal  to  t^ 
sum  of  such  terms  as 

piMmin  »  hiwM»o  at  nliMi^ 

it  is  easily  shown  that  the  algebraio  sum  of  ext4> 
the  gas  in  tlic  abovv  cycle  is  represented  by  the 
allelogrAin  A  B  C  D. 

Through  A  and  B  draw  verticals  A  F.  B  E,  wlueh,  by  ( 
represent  dimmution  of  prewiure  at  oonntAnt  voluiae; 
C  D  to  meet  A  F  in  F.  Then  the  ar^  A  B  C  D  ia  e<|ual  In 
A  B  E  F  (since  the  parallelograms  are  on  the  same  beuc  and 
the  same  parallels),  tttat  i«  to  A  F  multiplied  by  the  p«T^ 
dbtance  between  AP  and  BE.  But  this  perpendicular 
ropnwentM  v,  the  increase  of  volume  from  A  to  B ;  and  A  F  t 
the  difference  (at  constant  volnm^^  brtw«i.  iW  «.— m> 


raoor  or  fobmvla  for  efficiency. 


But  th«  work  done  in  the  (^ratioD  A  B  wu 


V*. 


tl  thii  work,  being  porformoil  at  coruitant  t«inp«ntturie,  is  known 
480)  to  be  aensiUy  «quivAl«ut  to  Uic  wliolv  heat  Guppliol  to  the 
gms  til  the  perfortuanoe  of  it.  Tlu»  is  tlio  only  operatioD  in  which 
luat  is  reoaived  from  the  source,  and  C  D  is  the  only  operation  in 
rhidi  heat  is  given  out  to  the  refrigerator.    Henoe  we  have 

btrt  ewiTttt«J  __  _  T T 

if  Q,  roprcAcnt  the  heat  received  from  the  source,  Q,  tha  heat 
to  the  nfrigcrator,  T|  the  t«nt]>er»turo  uf  the  source,  and  T} 
'  tempenture  of  the  refrigerator. 


0,     = -qr-  *««»»»  i^^T,' 


N 


provea  the  hiw  for  any  reversible  engine  witli  an  indefinitely 
ll  diU'erence  of  temperature  between  source  and  refrigerator, 
ow,  let  tliere  be  a  series  of  reveisible  engines,  such  tliat  the 

act«  as  aoorce  to  the  second,  the  second  as  source  to  the  third, 
ao  on;  and  let  the  notation  be  as  follows: — 
The  fint  reooirea  heat  Q,  at  temperature  T„  and  gives  to  the 

id  h>«t  Q,  at  tonipemture  T^    llie  second  gives  to  Ute  tliird 

Ql,  at  teiuiK-nturo  T|,  and  so  on. 
Thai  supposing  the  excess  of  each  of  these  temperatures  above 
■uoo-eding  one  to  be  very  small,  we  have,  from  above, 

B.  by  muIttplyiDg  equals. 


S 


4:^'-^t-'iJ^- 


|iU  taw  ia  therefore  proved  for  the  eogino  fonned  by  thtttt  combiii- 

^all  the  H<>}wnite  engines.    But  this  cnfrinv  is  reversible,  and  thoro* 

j  tr*  <§  4!)4)  the  law  is  tme  for  all  reversible  engines. 

496l   Thomsoo's   Absolute   Seals   of  Temperature. — In  ordinary 

Bt«n,  temperatures  are  measured  by  the  apparent  expansion 

.  liquid  in  a  glass  envelope.   If  two  thermonteten  are  oonslructcd, 

with  mercury  and  the  other  with  alcohol  (or  ita  liquid,  it  Js 
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obvionsfy  posuble  to  make  Uieir  inclicktiotu  Agree  at  two 
temperatures.  If,  however,  the  volume  of  the  tubo  intervening  bf> 
twcon  the  two  fixed  pointe  thus  determined  be  divided  into  the  si 
number  of  cquitl  parts  in  the  two  instruments,  and  the  dividom  hf 
numbered  ua  degrees  of  tvmperuturc,  tbe  two  instruments  will  pra 
diiferent  indications  if  plunged  in  the  same  b«U)  at  an  ioteriMdistt 
temperature,  and  they  will  also  differ  at  temperatures  Ijiog  beyond 
the  two  fixed  point)!.  It  is  a  simple  matter  to  tent  eqnatitj  of 
temperature,  but  it  is  fur  from  simple  to  decide  upon  a  test  of  rqmJ 
dilferences  of  temperature^).  DifTerent  liquids  expand  not  ooljr  hj 
ditferenb  smounta  but  by  amounts  which  are  not  proportional,  no  Im 
liquids  bein^  in  this  respect  tn  agreements 

In  the  cose  of  permanent  gas<«  expanding  nnder  constant  pRMcni 
the  dlscordancea  ore  much  lem,  and  may,  in  ordinary  cireutiiataaaiik 
be  neglected.  Hence  gases  would  »ocm  to  bo  indiciUed  by  natmii 
the  proper  »ubstancea  by  which  to  measure  temperature,  if  diflenoMi 
of  temperature  are  to  be  measured  by  ditferonces  of  volume. 

It  is  also  pos.sible  to  establish  a  scale  of  temperature  by  tmaaiaf 
that  some  one  substance  risra  by  equal  iDcromcnta  of  tompciatan  a 
receiving  auca-ssive  cqiml  additions  of  heat ;  in  other  wunts,  by  msldsf 
some  one  subtttance  the  standard  of  n'^fercnco  for  spircifle  Iieat,iBi 
making  its  specific  heat  constant  by  doflnitioo  at  all  tempenttn 
Here,  again,  the  scale  would  be  diflerent  according  to  thm  U^ 
eboien.    A  mixture  of  equal  weights  of  wat«r  at  0°  C,  and  lOO'C 
will  not  have  procisuly  tlio  same  temperature  as  a  mixturs  of  sfW 
weighta  of  mercury  at  these  temperatures.    If,  however, ««  ntf 
to  permanent  gases,  we  find  again  a  very  dose  agrecmeot,  so  tbt  7 
one  gas  bo  assumed  to  have  the  same  apecific  heat  at  all  tnD|m- 
tttres  (whether  at  constant  volume  or  at  constant  preeaBtri,  li* 
^weific  heat  of  any  other  permanent  gas  will  also  be  hdhN;  * 
dependent  of  tomperature.     More  than  tiiis; — the  mesanrMM^* 
t<ni)peratiirv  by  asstiinin^  the  specific  boats  of  pormaDent  gMV  I* 
be  cotLiUkiit,  a^'rei.'s  almost  exactly  with  the  ueaaaraoMiii  sf  f 
peraturo  by  the  expan.<uon  of  permanent  gaaesi     For,  as  «•  la" 
seen  (§  34^),  a  permanent  gas  under  coDstant  pressure  has  its  nlM* 
increased  by  equal  amounts  on  receiving  suoeesaive  equal  •dlitii' 
of  heat. 

The  air-thermoniet«r,  or  gos-thcnnometer,  than,  bas  a  |nalt) 
superior  claim  to  the  mercury  thermumetcr  to  ba  eooaidend  is  fct" 
aishing  a  natural  standard  of  temperatura 
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-■  wbkli  is  not  onij  sennUy  but  absolotely  indepeiuleat 
riiiw  of  particular  substanoos,  is  obtained  by  dofim/ng 
iturt  in  vwcA  a  wium  ii»  to  maia  apptndUc  (S)  to  the  second 
ttmuhdynamiat  rii/oroiuty  eaad,  Aceording  to  this  ^-»t«ni 

wia  first  proposed  by  Sir  Win.  Thomaon),  the  ratio  of  any 
npwatures  ia  the  nUo  of  tb«  two  quantities  of  beat  which 
M  ilrmnn  fruiti  tlie  iwurce  aiid  supplit-d  to  Uio  refrigentor  by 
UsUly  rovcnuble  tberuio-dyuaniio  engi&u  working  betwMQ 
nnperatures.  This  ratio  will  be  rigorously  tb«  aame,  what- 
1  wuriEing  substance  in  tho  ou^pne  may  be,  and  wketlicr  it  be 
]nid,  or  gascutts. 
Heat  roqoired  for  Ohanf«  of  Volume  and  Temperatars. — The 

at  heat  wbidi  rouHt  bo  imparted  to  a  body  to  (.mikIjIc  it  to 
am  ono  condition,  as  regards  volume  and  t«iii]ii;r»turc,  to 
t  b  not  a  deflnite  quantity,  but  depends  upon  tJie  course  by 
be  transition  is  effected.  It  is,  in  fact,  the  sum  of  two  quan- 
ne  of  them  being  the  keai  tdttch  tcould  be  nquired  if  tite 
'•on  vUTt  fnade  without  crt«*w«i  vsork—ttu  in  Joule's  oxpcri- 
!  Um  expan^ioD  of  compn-niied  air  into  a  vacuous  vessel — and 
tr  boing  the  heat  eqmvalent  to  the  external  icork  tcAtoA  the 
rrform*  in  making  the  trantituyn.  An  regards  the  first  of 
lanlities,  its  amount,  in  the  case  of  permaocnt  gases,  depends 
uitirely  upon  tbu  ditrvruuco  b«lwoen  tlie  initial  and  final  tern- 
es,  being  sensibly  independent  of  the  change  of  voluuv,  as 
•xpcrimunt  shows.    Id  Uiq  cate  of   liquids  and  solids,  its 

depend-t,  to  a  very  large  ext«nt,  upon  the  change  of  volume, 
,  if  the  expansion  which  heat  t«nda  to  ptoduoe  is  forcibly 
ed,  tJie  quantity  of  heat  required  to  produce  a  given  rise  of 
ktan  is  gri-atly  diminished.    This  contrast  is  soawtimas  ex- 

by  sBTing  that  expansion  by  heat  im'olvea  a  laigV  amount 
Dal  Work  in  tho  cast:  of  liquids  and  solids,  and  an  exceedingly 
Bount  in  the  case  of  gases;  but  the  phrase  internal  toork  has 
ti  acquired  any  very  precise  meauing. 
a  illnatration  of  the  difTvrvnt  counca  by  which  a  trutuition 

effected,  suppose  a  quimtity  oF  gas  initially  at  0°  C  and  a 
i  of  one  atmosphere,  and  tinnlly  at  100*  C.  and  the  snuin 
t,  the  final  volume  licing  therefore  1*366  times  the  inilial 
Of  the  innumerable  cwumus  by  which  tho  traosition  may 
»,  we  will  specify  two: — 
fba  gas  may  be  raised,  at  its  initial  volume,  to  such  a  tern- 


commuQication  to  ihe  gas  of  a  greater  quantity  of  bent. — gm 
the  beat-cqutvaieat  of  tlio  <litTcr«ncc  of  works. 

When  a  body  passct)  through  chanr;«.'s  whicti  cikI  by  Ittlt 
precUcly  the  s&mo  condition  in  which  it  wan  at  fitst, 
entitled  to^assumo  that  tbt;  amounts  of  heat  which  hav*  i 
qnittAd  it  are  equal.  Tii«y  are  not  t^ijuat  unless  the  alj 
external  n-ork  done  by  the  body  during  the  cbangee  amoonta  ' 
If  the  body  has  upon  the  whole  done  positive  w^k,  it  aiu 
tftken  in  more  heat  than  it  has  girea  out,  uUierwiae  there  m 
n  creation  of  energy;  and  if  it  has  Dpoo  the  whole  done  n 
work,  it  must  have  g^vcn  out  more  heat  than  it  has  token  in, 
wise  there  would  be  a  deatruction  of  energy.  In  either  e 
d^ervnee  bHween  the  h«at  taJam  in  and  ffiiwi  o*U  intm 
equivalent  of  the  al^thiuic  sum  of  external  vxfrh. 

These  principles  are  illustrated  in  the  following  sections. 

498.  Adiabatio  Chaoges.  Heating:  by  CompiMsion,  and  CM 
Bxpansion. — Whoa  a  gas  b  comprosiied  in  an  abaolutely  ooB-cu 
ing  ve3.sel,  or,  more  generally,  when  •  gw  alien  it*  volmaa  « 
giving  heat  to  other  bodies  or  taking  beat  trom  tbem, : 
are  called  adiahalic  [literally,  vntkotU  pamage  ewrou]. 

Let  unit  volume  of  gaA,  at  preesure  P  and  absolnt«  ten; 
receive  heat  which  raises  ita  temperature  to  T-f  r  at  oowtaal 
aure.     The  increase  of  volume  will  be  a,  and  the  work  doae 


i 


Tt 


gas  agaimt  external  retuAUncc  will  bo  if. 
^i-Hext  Iftt  Hit!  tutu  lie  ntmnremed  to  ifai  arjoinol  vol: 


J 
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vitb  ita  originikl  condition  ni  the  same  volume.  This  niay  be  vritten 
{^*'x}-  '^'l  tliB  m<Mi  pnetQM  duiiog  tbc  second  operation  may 
taken  «»  half  Uic  8um  of  tiio  initial  and  linal  prvesures,  that  is,  as 
(l-f  1^,     The  work  done  upon  the  gas  by  the  ext«inal  oompttM- 

ing  foroca  in  the  seocoid  operation  is  therefore 


p(..iV)t' 


or,  to  the  Brst  order  of  small  qtiantities,  P^  which  is  the  name  as 

Iba  work  done  by  the  gas  in  the  first  operation.  Hence,  to  the  tir»t 
ofder  of  souUl  quantitim,  the  heat  which  Iulb  been  given  to  the  gas  is 
the  same  as  if  the  ga»  had  bn-n  brouglit  without  change  of  volume 

its  initial  to  iU  tloal  condition.  Tliut  is  to  My,  the  heat  wliich 
■  an  ele^'atioo  r  of  temperature,  at  constant  preMon,  would 

lOO  ao  hicvatjon  tr  at  constant  volome.     Hence 


rbtnv 


may  bo  defined  as  tA«  ratio  0/  tAe  $UvaiioH  0/  temperattm 

by  a  wme^  adiabatic  oomprtttion  to  tlie  eUvation  of  f«m- 

vAiek  teotUd  b<  r^uired  to  prodtia  an  eqtuU  expatmon  at 

499.  Belations  between  Adiabatic  Changes  of  Volnme,  Temperature, 
Preaanre. — For  the  sake  of  gn'ator  clearness,  we  will  tabulate  the 
of  volume,  temperature,  and  pnwauro,  at  the  bvjfituiing  and 
of  the  adiabatic  comprecston  above  diacoaaod. 

Mend. 

1 


Al  bttlDnlDi.  *\  end,  OubcSl 

...     I.^  I  -i 

Ttmpantmt, ^.... T*t  V**r  (*-1>>' 


TO--,.. 


Prewnnb. 


P(WV) 


[Omnting  volume,  temperature,  and  pressure  by  V,  T,  P,  and  thotr 
by  dy,  dT.  dV.  we  have,  to  the  first  order  of  small  quan- 
llUta. 


r 


dT_(»-lh- 


«i  -_ ,  „  are  therefore  proportional  to  -1,  *- 1,  t; 

Mi  is  i^.-J^T^dJaf. 


tne  gasj,  la  equal  to  r «.  n  ow  tne  square  oi  tne  veioacy  oi  sou 
a  gas  can  be  proved  to  be  equal  to  the  coefficient  of  elasticity  di 
by  the  density,  and  hence  from  observations  on  the  velocity  of  i 
the  value  of  c  can  be  detennined.    It  is  thus  found  that 

1=1-408 

for  perfectly  diy  air;  and  its  value  is  very  nearly  the  um  G 
other  gases  which  are  difficult  to  liquefy. 

601.  Banfcine'B  Prediction  of  the  Speoiflo  Heat  of  Ail.— I 
denote  the  specific  beat  of  air  at  constant  pressure,  and  Si  its  q 
heat  at  constant  volume.    Then  (§§  408,  600)  we  have 

5=1108. 

«■ 

But  we  have  proved  (§  490)  by  thenno-dynamie  eonndentki 
dependent  of  any  direct  observation  of  spedfic  heat)  that 

From  these  two  equations  we  have 

i,(H08-l)  =  -08M 

i,  =  -ieB  +  -0S»  =  -28S. 

In  this  way  the  correct  values  of  the  two  speolie  bnti ' 
were  calculated  by  Kankine,  before  any  accurate  deteminitt 
them  had  been  made  by  direct  experiment. 

SOS.  Coolinff  of  Air  bv  Ascent.     Conveotiva  Sonilihrin.— 1 
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if  «  denote  hciglit  above  a  fixed  lovel,  Knd  H  "  prcssuro 
^eight  of  hoDiof^oous  uUnosphero,"  wu  lutvo 

<tP    dz 

"T"h' 

ioa»l  to  T.  80  tbat  if  H„  T,,  denote  the  values  of 
^-point,  we  have  H  =  U.  ^ .    Thus  wo  huv« 

height  in  meirefl.  the  value  of  U,  will  be  7990,  atiJ 
i>not«  thv  fnll  of  temperature  per  metre  of  ascent.    Thus, 
that  T.  is  273,  wc  havu 

t«mp(Traturo  falls  by  ^^  of  a  degree  Centigrade  per  metre 

r  (alia  1*  C  in  ascending  101  motrea.  Ju  di-Aci«diiig  air. 
[  temperature  will  be  produced  at  Uie  flainc  rat«.  The 
faaa  been  made  on  the  supposition  that  the  air  is  perfectly 
value  of  «  for  HUpeilieai^d  vapour  is  probably  difierent 
line  for  dry  air,  and  thus  the  presence  of  vapour  may 

above  rat«  even  when  no  liquid  water  is  prc«»ent.  If 
kir  contains  vapour  whidi  is  co&dunsuxl  into  cloud  by  tho 
uisioD,  the  liitf'iit  licnt  thus  evolved  will  retard  the  cool- 

dMeending  air  containa  cloud  which  Ls  disaipated  by  the 

PMnon.  this  dissipation  retards  the  wanning, 
of  warm  air  will  not  occur  when  the  actual  decrease 

ture  upwards  is  slower  Uian  that  due  to  cooling  by  ascent; 
not  rise  if  the  process  of  rising  would  make  itcolder  and 
n  the  air  through  which  it  would  hav«  to  pass.  On  the 
,  air  is  in  an  unstable  condition,  and  tends  to  fonu  oon- 

Tenta,  when  the  deciease  of  temperature  upwards  is  more 

that  due  to  cooling  by  aicent. 

kbatio  Compression  of  Liquids  and  Solids. — The  following 

D,  originally  published  by  Sir  W.  Thomson  in  the  Pro- 

tht  Soyal  Society  oj  Edinburgh,  is  applicable  to  liqwds 

i  well  as  to  gases. 

volumo  of  a  substaaoe  at  tlie  initial  tvutperature  t°  C. 
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and  pressure  P,  be  8ubject<.'J  to  the  followbg  cycle  of  fcv 
tions: — 

(1.)  A  small  adiabatie  coiiiprvnsioQ  v,  with  iQcreaso  p  ctf  pm- 
sure. 

(2.)  Addition  of  heat  at  iwnstant  pressure  P+p,  produdng  knill 
rise  dt  of  temperature. 

(3.)  Adiabatic  diminution  o£  presaare  from  P+p  to  P.  ^| 

(4.)  Subtractiou  of  heat,  at  constant  pressure  P,  till  tlie  wfi 
returns  to  its  original  ttimpcrsturc  t  oiul  therefore  also  to  ito  oripd 
Tolutne. 

Sincu  the  body  h  now  in  tlie  same  state  as  at  first)  tli«  ti^hH 
»una  of  vxternal  work  done  by  it  in  the  four  op«mtioni  muit  bib 
equivalent  of  the  algebraic  sum  of  heat  received. 

Let  r  denote  the  iucresfia  of  temperature  in  (1);  and  let  t  ittm 
the  exiiansioa  per  degree  at  constant  pressure. 

Then,  neglecting  small  quantities  of  the  second  order,  the  chuja 
of  pressure,  tempenkture,  and  vcdume  are  an  shown  in  ttie  f«Uon|  i 
tabular  statement: — 


Fimof*. 

Tsmpdntun 

1 

3 
S 

4 

PloP+p 

P+P 

P+;>loF 
P 

(-fTlsl-t-r  +  rfl 

(  +  T+lUlO(-t«(( 

— » 
>« 

ff 

4 


The  work  done  by  the  body  in  the  opezations  (1)  and  (St  UlM 
to;;ether,  is  zero,  since  the  mean  pressure  is  tlie  same  in  buthail*^ 
changes  of  volume  are  equal  and  opposite.     Tlie  work  duM  bf  A> ' 
body  in  the  operations  (2)  and  (4)  taken  together,  is  p«  <it 

I'he  hcAt  (riven  out  by  the  body  in  (4)  \»  Q  dt,G  dfiDOtuf  A*' 
thermal  ca[>acity  of  unit  volume  of  the  HulcitanGe. 

An  tlie  four  operation!)  ore  all  reversible,  wo  can  apply  the  sloadMl 
formula  for  efficiency' ;  thai  is  to  say,  denoting  thu  absolate  tiaajM' 
ture  273  + 1  by  T  and  Joule's  equivalent  by  J,  we  have  iba  ft* 
portion 


which  expresses  that  the  difr«r«nce  of  temperatarea  of  ooa: 
refrigerator  is  to  the  absolute  temperattire  of  the  refri^jioaliar 


wnnA 
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ed  is  the  beat  given  to  the  retngentor.^  From  tbU 
luce  ' 

7  =  JO' 

■txB  tho  elevation  of  Uttnpcrsturejvduced  hy  the  adta- 
p  in  th«  prvMuro.  ^V 

mtjstaDoe  which  expaods  wHu  ticat«d  at  constant 
positive  and  thererore  r  hu  the  sain«  sign  as  p,  timt  i», 
pnwmre  produces  elevation  of  temperature.  On  the 
.substances  wbkfa,  like  wat«r  below  4*,  contract  when 
looled  by  adiabaUe  pressure,  siuou  e  for  6uch  subetancee 

of  a  Wire: — In  Uic  abov«  reasoning  tJn^ 
t&a  the  nature  of  bydrosUtic  pressure,  that 
in  all  directions.     In  order  to  treat  the  case  of  slreEM 
direction  only,  we  have  merely  to  modify  the  mean- 
syiubols.     TliUfl  if  P  denote  the  tension  of  a  wire, 
I)  will  consist  in  increasing  this  tension  till  it  amounts 


(S)  the  t«nsioo  is  to  be  kept  constant  while  the  tem- 
by  Uie  amount  dt.  and  operations  (S)  and  (4)  arv 
'ly  modified. 

negative,  and  «  will  denote  the  linear  cxpamuon  per 
ft  the  wire  is  kept  at  constant  tcnuion. 
f  thu  initial  volume  being  unity,  tho  initial  length  of  tluj 
■  unity.  Hien  the  quantities  in  column  4  of  tlic  tabular 
rill  denote  changes  of  length,  while  those  in  column  2 
tensions,  and  the  computation  of  work  will  be  precisely 
that  ttie  sign  will  be  changed,  since  the  external 
ban  tlie  wire  is  lengthening. 
lOD  C  df  for  the  boat  given  out  by  the  body  in  the 
C  will  denote  the  tlicnnal  capacity  of  unit  length 
and  with  theni:  modilled  meanings  of  the  symbols,  the 

r       T* 

fall  of  tompemtore  produced  by  an  incrooso  of  tension, 
that  i>xpMi<ls  in  Ifngili  with  b<_^t  will  bo  cooled  by 
within  its  limits  of  elaeticity,  and  will  bo  warmed  by 
'  tension.   If  wo  suppose  the  wire  to  luive  unit  sectional 


tso 
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area,  C  will  d«iioto  Uio  cnpacity  of  unit  volume,  and  T  Uia 
ttiilinnl  ritr<'?M  in  iiiiitj^  of  foroA  {K-r  unit  of  &»■». 

SOfi.  Adiftbatio  Coeffloients  of  ElMticity. — Nt;glocting  the 
tional  Rases  of  bodies  which  do  not  expand  wiUi  heat>  the 
of  a  liquid  to  compression,  and  the  rosistaiiee  of  a  solid  to  luth  i 
pression  and  I'xtcnsiun,  an  greater  uodflr  adiabatic  outiditiooa 
under  tJin  conditiun  of  constancy  of  t«mpentur«.      Thofi,  ii 
cireuQutancvc  disci  isMty)  in  §  r>0:t  tlie  preasure  />  prodocM  to 
lion  of  tern pe rat uie  r,  and  the  expanuon  due  to  this,  namely  n.l 
be  suhtracted  from  the  oompreaijon  which  vould  be  produc 

constant  tompcniturc.     This  latter  i^  ^,  where  E  denotea 

cffidetit  of  elBKticity  at  con^ttant  toniporature;  m  that  the«OCD| 

sion  will  bo  only  ^  —  er.     The  coefficient  of  elasticity  a  'a  i 

inverse  ratio  of  the  compression;  hvnoo,  to  find  tlui  adiaUliel 
tilficient,  we  must  multiply  IL  by 

-"-.orbyTTTC- 

^-tr  p 

SnbsUiuting  for  r  its  value  ^,  we  find 

In  Mtlgaiag  the  numerical  values  of  E  and  J,  it  is  to  be  nna 
HM  if  E  is  expressed  in  C.O^.  meosurv,  aa  in  the  table  at  p  7}> 
value  nf  J  will  be  41-6  millions. 

The  factor  for  Young's  modulus  (§  IS8)  will  Iw  of  tho 
E  now  denoting  ibt  value  at  constant  teiiipeiature,  and  o  iim  < 
expansion  for  1*,  while  C  will  still  denote  the  thrrmal  caf 
unit  volume,  which  can  be  computed  by  multiplying  the 
heat  by  the  density. 

006.  Tteesiag  of  Water  which  haa  bees  CiMlod  below  0*.—\ 
seen  in  §  355  that  whi-n  frtvzing  l)ogin.H  in  wnli-r  which 
cooled  bolow  its  normal  frcenng-poinl,  a  \argf  quanuty 
suddenly  fonii4-tl,  and  the  temperature  of  the  whole  rturs 
§  356  we  have  calculated  the  quanti^  of  ice  that  will  U 
and  we  will  now  revise  the  calculatitm  in  the  lij^ht 
dynamics. 

The  same  final  condition  would  have  been  attained  if  i 
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water  at  -^  had  first  been  raised  in  tJie  liquid 
to  0°.  and  the  tosss  x  bad  then  been  frozen.  The  extomol 
would  also  h*Te  beeo  tlie  name,  botag,  in  both  ca^ea,  the  pro- 
k(  attnospherio  pressure  by  the  ttxciiTta  of  tho  final  above  the 
I  rolanu.  Hence  the  algebraic  KUtn  of  fac«t  required  is  the 
in  botlt  cases.  But  in  tJie  one  eane  it  in  t-7&'i5x.  and  in  the 
(that  is,  in  the  actual  case)  it  is  zera    Hence  we  have 

__    ( 


BcmatJoB 


jrM 


Jcnlstion  in  §  35(J  therefore  rc<]tiirM  no  correction. 
',  Lowerinff  of  Frceiinf-poiat  by  PreMorc. — \\'hi>n  a  litre  (or 

d«einM.'trc)  of  wntiT  is  frozen  under  atmospheric  pressure,  it 
I  KMfZ  of  a  litru  of  ice,  thus  performing  external  work  amount- 
ft  '087xl03'3  =  8  kilo^:ramme-decitnetrea='9  of  a  kilogram- 
t,  noca  the  protnure  of  one  atmosphere  or  760  ram.  of  mercury 
W  kihtgraromes  per  square  decimetre.  Under  a  pressure  of  « 
|)beres,  tJie  work  done  woiild  be  "9  n  k iloj^ramnietres,  neglecting 
iry  slight  cowpri'iwioa  duo  to  the  increase  of  pr«ssuT«.  If  the 
allowed  to  tiiiilt  in  vacuo,  no  external  work  in  done  ugwn  it  in 
elting,  and  therefore,  in  tlie  whole  process,  at  Uie  end  of  which 
rater  is   in  the  same  state  as  at  the  lieginning,  heat  to  the 

at  of  .-^='00212nofakilogranime-d<.-groe  ismadetodusappcar. 
prooMS  is  rcversibU,  for  the  wat«r  might  be  frozen  in  \'acuo 
tsltwl  under  pressure;  and  hence,  by  appendix  {2J  to  tiiv  second 
{ tjUMDO-djaamics.  we  have 

^^^B  imilaiQitT-TiT| 

iQ  d<nota  the  hoat  taken  tn  in  melting,  which  is  79-25  kilo- 
bSHjcgrtea,  T  the  absolute  temperature  at  which  the  melting 
\f  about  S7S*,  and  T  the  absolute  t«n)periiture  of  freeKing  under 
■are  of  n  atmospheres.     Hence  w«  have 


Bnaare  ol 
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T-T*  =  i»73iii 


b,  tho  freezing-point  is  lowered  by  -0073  of  a  degree  Cent,  for 
iltiMMphiTe  of  pressure. 

t  Hsat  of  Chemical  Combiaation. — There  is  potential  energy 
i  thr  particles  of  two  subiittuioea  which  would  cuinbino  chcmi- 


u 
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cally  if  the  opportunity  were  alibrdpti.    When  combin 
takes  place,  tJiia  potential  energy  runs  do\t-n  and  yieldn  aa 
of  heat.     We  may  euppusc  tbnt  tlic  pftrtidea  rush  togeihfir 
of  their  mutual  attracttua,  and  thus  Miiuire  rnDtions  wtiich 
hcftt 

In  every  ca^e  of  decomposition,  an  amount  either  of 
other  form  of  energy  mu»t  be  cooeumed  equivalent  to  thA 
combination. 

Wlivu  the  Iicfit  evolved  in  oombinatton  a  so  great  as  to 
incandwwence,  the  proce.ss  is  usually  catlt-d  oo»(6twfion  or  m 
ucconling  a»  it  is  gradual  or  sudden.   In  combuNtJon  tlio  octil 
place  at  the  surface  of  contact  of  the  two  combining  bod 
explosion  they  have   been   previously  mingled   medtanii 
combination  takes  place  throughout  tlic  whole  inaas. 

Cliomical  coinbiimtioD  is  often  accomponicid   by  diini: 
volume,  or  by  ctiange  of  Htate  from  gas  or  solid  Ut  U'| 
Vfrad.    These  changes  sometimes  tend  to  the  evolution 


Fls.  au.— CdorimtUr  i<  VMn  uid 


when  oxygen  and  hydrogen  unite  to  form  liquid  ii«wci< 
times  lu  its   absorption,  as   in   frerxing-mixtum.     "Asl 
thermal  effect  is  therefore  the  sum  or  diffiuvnoe  of 
eflccte;  and  in  general  no  attempt  has  been  uuula  to 
respective  propurtioiu. 
SOd.  Obaervattona  on  Heat  of  Combination. —  Elal 


I,  ui  wnien  ui«  caeiDicai  Heuon  laKUH  pu«. — une  oi  ina 

ts  L)  ill  trod  uoed  tirat,  and  tii«  otli<-r,  wliic))  a  liquid,  is  then 
f  means  oE  a  pipette  bent  at  B,  and  containing  Iho  liquid  in 
I  a8  abown  in  tlie  figure.  ThtD  is  eltt^c-tod  by  raising  Uiu 
|bU>  Uie  poeitiun  indicated  by  tho  duttvd  iine^  in  tbc  tigur& 
I  upper  part  of  the  ruwrvoir  ii  an  opGniii;^  titled  with  a  tube 
W  a  st«ol  ])lutij:^'r  P,  which  dc8ccndi«  iiiti>  tho  riseb  of  mcr- 
P  can  be  ncrewed  down  or  up  by  turning  iJie  handle  M.  To 
Ithe  apparatus  for  use,  the  plunger  is  bo  adjusted  that  Uie 
ntaiulA  at  tb«  zero-poinb  of  tlut  graduated  tubv  tt',  the  action 
lllow«d  to  tako  place,  and  tlw  niovemvtit  of  thi>  inoixrtirial 
In  olMorved  wil1>  the  telonoojte  L.  In  order  to  ttii-A^un'  thv 
*ot  bvM  corresponding  to  this digplacement,  a  known  weiglit 
later  is  iutruduoed  into  thv  r(Hi>r%'oir,  and  alluwi-d  to  give  up 
I  to  tbo  tn«rcury;  the  dtsplRonuKint  of  tlic  tuercurial  ouluruii 
BbMrred,  and  sinoe  the  quantity  of  heat  oorraponding  to 
hoenwBt  b  known,  that  corresponding  to  any  other  displaoe- 
|i  easily  be  colculatud.  The  iron  rcKciroir  is  inclosed  in  a 
i  with  wadding  or  aome  other  non-coiidiicting  muti^riiil,' 
I  cbeuiical  action  t«kca  the  form  of  combust ioti,  a  dillerent 
ii  neoMsary.  The  apparatiu  employed  l^  Favre  and 
for  this  purpoHfi  ia  of  boo  complex  a  construction  to  be 
here.  Fig.  312  represents  the  much  simpler  appontiu 
the  same  purpose  l^'  Dulong. 
of  a  oombuittioQ-chaiiilwr  C  surrounded  by  the  water 

which  gimny^niimbgiyiay 
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is  shown  ftt  A.    Tlie  combustible  sabetance,  if  it  be  a  gu,iiaaa- 
ducted  into  tbu  cliamber  tbruugli  the  tube  A,  and  the  oxygen  mw- 

sary  tor  lis  conibosUou  eotcn  hj  mm 
of  til*;  tub«»  /  or  p'.    The  prodnotaof 
couibuHtioQ  (lOBst  through  the  worn  a 
aiid  flually  escape,  but  not  ootU  livty 
have  fallen  to  the  temperature  of  tin 
water  in  the  calorimeter.    This  ooQ>Utioo 
ia   neoetutary   to   the   exactnae  of  (k 
result,  auJ  it«  precise  fulfihuent  i>  ttD- 
fiud  by  ol»crving  Uic  l<-nipcrmtun»  ia- 
di<»t«d  by  the  tliitnnomi-tvm  ( and  f.tfc* 
former  of  whidi  gives  the  lemperatwr 
of  the  water,  and  the  latter  that  uf  tbi 
products  of  combustion  at  th«tr  «Bt 
Thi-Do  two  t«mper*turw  ahould  alvtp 
mgne.    The  progn-M  of  Om  coiiitiiu(j.ii 
is  observed  througli  the  opening  p,  wlu^ 
ia  dosed  by  a  fieca  of  gUua. 
The  following  table  exhibits  some  of  the  prindpal  reaulta.  IV 
numbers  denote  th«  mass  of  water  which  would  be  rainvd  l'('i> 
teiiipcnttiire  by  the  heat  evolved  in  the  combustioo  of  unit  i 
the  huUIaiicp,  t]ic  combustion  being  supiKwi-d  to  take  placv  m  u  >• 
oxyg*3ii>  with  the  exception  of  t)w  wcoiid  example  on  the  litt 

HuTB  or  CowBcanoai, 

Saftmlphar, V 

OlsfiutcM, lUf 

KUmt, W* 

AlootKO. V 


n(.  nt— DDlons't  CiklotlTnaKr  fer 

CDmbnMlnn. 


Bfdrogm,  ,  ,  ,  •  • 
Hjibegan  wkh  cUarliK^ 
Otrtwnio  «iiiW, 

Ohuvo*!.    .    .    , 
Nuin  nilphur,    . 


S(.4e! 

S.408 
I3,0«S 

e,ow 

7,7»7 
7,770 


BiMricMad,  .  . 
on  ot  tiiriNktlM^  . 
Olire-aO,.     ■     •    . 
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Of  all  aubstAncGs  hydrogen  pOMcnos  by  far  the  gmlMt  ha« 
combnatiou.  This  fact  accounts  for  tJic  int'^tuo  hftitiug  «fleds<^ 
can  be  obtained  with  the  oxy-hydrogi-n  bkiw-pipe.  in  wUA* 
annular  jet  of  hydrngen  is  completely  burned  by  luuttt  otao^ 
jet  of  oxyj,'cn. 

310.  Animal  Heat  and  Work. — We  have  every  rfasoa  lob*" 
tltat  animal  heat  and  motioDs  an)  derived  from  the  on«rgy  nl  ^uM 
oombioations,  which  tako  pltc«  chiefly  in  the  act  of  ngptwlioa,** 
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Bob  iatportiuit  being  tho  ooDibinntion  of  the  oxygen  of  the  nir  with 
srboo  which  ia  fumislied  to  th«  blood  by  Uto  animitl's  food.  The 
Sni  eounciation  of  this  view  ha«  l>een  aacribed  to  Lavoinicr.  Ruinford 
Nrtainly  enUTtained  very  clear  and  correct  ideiu)  on  lli<!  Rubjoet,  for 

rsaya,  m  deiwribing  hia  experiments  on  the  boring  of  cannon: — 
■  B««t  BMy  Uius  be  produoi-d  merely  by  the  strength  of  a  horse, 
md,  in  a  cue  of  a  DCcesBity,  thi«  boat  might  be  u»fd  in  cooking  vi^ 
famh.  But  no  circuinstanous  could  be  imagined  in  which  tJiis  tuvtJtod 
p  procuring  beat  would  b«  advantageous;  for  more  heat  might  be 
AiteiiMd  by  using  the  fodder  necessary  for  the  support  of  a  horse  as 

;  When  the  animal  is  at  rest,  the  heat  generated  by  chemical  com- 
M  cqiinl  to  that  given  off  from  ibt  body;  but  when  it  works, 
■mount  of  heat  dJMppc*ni  equivalent  to  tho  mechanical  eDect 
Ineod.  This  ouiy  at  flnit  sight  appear  strange,  in  viuw  of  tho 
hct  Uiat  a  man  beoomoa  warmer  when  he  workx.  Tht*  reconciliation 
dI  the  apparent  contradiction  u  to  lie  found  in  the  circtniiAlance  tliat, 
b  doing  H-ork,  respiratiui  ia  quickened,  and  a  greater  quantity  of 
consumed. 
Elaborkt«  flxpcrimenta  on  this  subject  were  conducted  by  Uim. 
>hwtci>d  a  nuiu  in  a  box  coiitainiug  a  trcad>mill,  the  i^Imft  of  which 
.  through  till'  Hide  of  thu  box;  and  the  arrangvinenta  wore  MUch 
tliB  nuui  cuuM  citlier  drivo  thi>  mill  n;;aiti»t  ext<-rn»l  nnistaocu, 
'eootinually  stepping  from  one  trea>I  U}  tiit-  next  aliovi^  in  the  usual 
**y,  or  eoald  resist  the  motion  of  tlie  mill  when  driven  from  without, 
T  oobttnoally  descending  the  triads,  thun  doing  negative  work. 
'■'o  flvxiblo  tubes  were  oonncct^-d,  one  with  his  iHWtril»,  and  tl>u 
^*9t  with  bis  uoutlt.  Ho  inhaled  Uimugh  the  former,  and  rxlialod 
■Bough  th**  lattvr,  and  the  air  vxtudH  was  eollvcted  and  annlvMod. 
^^^mt  givi-n  ofT  from  his  body  to  the  box  waa  also  measureil  with 
^^■agrea  of  approximation.  The  carbon  exhaled,  and  liiNit  gene- 
^KS.  wrre  both  tolerably  constant  in  amount  when  tlio  man  was  at 
P>t  When  he  was  driving  the  mill  by  ascending  tlie  trcada,  the 
pat  given  out  was  incmascd.  but  the  carbon  fxhnli-d  wax  increaKH 
k  •  much  grcati-r  ratio.  Wlicn  h«  was  <loing  negative  work  by 
Blending  the  treaibt,  tbt^  heat  given  out,  though  less  in  absolute 
Bmmi,  wafi  greater  in  proportion  to  the  carbon  exhalod,  than  in 
BfciT  of  the  other  cases. 

MU.  Vagetabls  Orowtb. — In  the  growth  of  plant«,  th«  forc«H  of 
Lfwiit-ml  affinity  do  negative  wurk.    Particliis  which  were  previously 
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held  together  by  thcno  forrea  are  sepai-ated.  and  i>ot«ntut ) 
tlioa  obtained.  When  wood  is  biirned,  this  potential  eaett 
verted  into  heat. 

We  are  not,  bowovor,  to  Huppose  that  plants,  any 
ttniinals,  have  tho  power  ul  creaiing  uaur^:     The  forcH ' 
poculiar  to  living  plants  are  iiiorcly  direttivt.     Tiny 
eoorg>'  of  tlic  solar  rays  to  nixmd  iUelf  in  wparating  the  g4 
oxygen  which  exittt  united  in  the  carbcniic  acid  of  the  air; 
being  taken  up  by  the  plant,  and  the  oxygen  left. 

Coal  is  the  remnant  oC  vegetation  which  once  existed  on 
Thus  all  the  eubstano^  which  we  arc  in  the  liabit  of  cm 
fuel,  are  indebted  to  tho  sun  for  tho  energy  which  tlioy 
heat  in  their  combii.stion. 

512.  Solar  Heat. — 'tUv.  amount  of  lieat  radiated  from 
great  almost  beyond  belief.  Tlte  best  nieaflures  at  it 
obtained  by  two  in>itruiuent<4  which  are  alike  in  pnnetpli 
Herschel'a   a^inometer  and    Pouillet's   jvfrhfliojiteler. 

dwwribe  the  latter,  which  is 
Fig.  S13.     At  the  upper  eod, 
in  a  idiallow  cyliudvr  couipoaod  vt 
copper  or  silver,  Gllod  with  water 
the  bulb  of  «  tlieniiotiH'trr  in 
stem  being  partially  incloMy]  in 
tul>e  which  supports  the  cylindn 
lower  end  of  the  tube  is  a  dine 
parallel  to  the  base  of  the  cyli 
in  intended  to  niccivo  the 
cylinder,  and  Uiuh  tuvust  the 
pointing  Uio  inMniniuut  direell; 
the  nit).     The  cylinder  u  H» 
order  tliat  its  aloorbing  powrr 
great  as  possible. 

The  jnHtruineot,  initially  at  tbd 
turc  of  tliu  atinoephere,  is  firat  | 
five   minutuA   in   a  po«itio<i  «l 
expoflod  to  the  ttky,  but  ahaijad 
snn.  and  the  inoreaAe  or  di 
temperature  ia  olieerv^d:  suppose  it  to  be  a  fall  of  r. 
which  shaded  it  from  the  sun  is  then  withdrawn,  aiid  ita 
peiature  b  olieerved  for  five  minutes  with  the  sun 
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LI  thia  riM  T°.     Finally,  it  is  tt^io  ecrovned  From  the  sun,  and  ite 
dl   in  five  minute*  U  noUid; — c&ll  this  9'*.    From  t)iMo  ob«orvationa 

£  XM  iiirerrcd.  tliat  th«  instrument,  while  exposed  to  the  nun,  lust  -^ 

■  ^3w  air  uid  Kuiroundiog  olijccUi.  and  tliat  the  whole  heat  which  it 

|BaT«d  from  the  6un  was  T  +  -^ ,  or  rather  was  the  product  of 

hSiA  fiiflcR'ace  of  temperature  hy  the  thermal  cnpaeity  of  tJie 
yliader  and  ita  cont«nt«.  Thix  is  the  heat  whidi  actually  roaches 
b^  iattniiii'-ni  friitti  tl)«  sun.  but  a  large  mlditional  NUK^unt  has  been 
nberopptetl  !>;*  nlM)rption  in  tlie  atmosphore.  'fliv  aiixntnt  of  tlii» 
tbaajijitton  can  he  roughly  determined  by  comparing  observatEoiu 
l»1>'*a  when  the  mm  haa  ditferent  altitiid<^3.  and  when  the  distance 
to-^vmwd  in  the  air  in  u«untin;;;ly  ditl'creut.  Ineludin);  the  amount 
thttn  ilworbed.  Touillet  computus  that  Oie  heat  tent  jraotiy  bjf  the  svn 
(0  ^A»  arriK  tnnt/W  be  sufficient  to  mtlt  a  layrr  of  ior  30  mctrM  tJ<xct 
loverthe$ttr/aceo/tiM€arth;  and  Sir  John  Hrrschd'se-ttimAtv 
I  «»ot  Tv*ry  dlHenmt 

Tjir  ivrth  occupies  only  a  very  small  extent  in  spac*  aa  viewed 

■m  ttiF'  Bun;  ami  if  we  take  into  account  the  radiation  in  all  direc- 

.  the  whole  amount  of  heat  emitted  hy  the  sun  will  be  found  to 

Klxnit  S100  million  timcM  that  n.-ceivod  by  tJie  earth,  or  sufficient 

malt  a  thiekn«M  of  two-fifths  of  a  mile  of  ice  per  hour  over  thv 

'bol«  Mirfacp  of  Uiu  nun. 

813.  Soorcea  of  Solar  Heat. — ^The  only  caused  that  appear  nt  all 

luatv  tu  pmdacu  such  an  enorrooua  effoci,  arc  the  energy  of  the 

motiona,  and  the  potential  energy  of  mlar  gravitation.    The 

tiun  of  th<!  <-artli  in  it^  orbit  ia  at  the  rate  of  about  QG^O  feet  per 

Th<^  kinetic  energy  of  a  pound  of  matter  moving  with  this 

city  is  eipivalent  to  about  104,000  pound-degrcea  Centigrade, 

a  pound  of  carbon  produces  by  iu  eorobogtion  only  8080. 

inferior  planets  travel  with  greater  velocity,  the  square  of  the 

Gtty  bcio^  inverauly  as  tlio  distance  from  the  Hun's  centre;  and 

I  tnnffiy  of  motloD  ia  proportional  to  tliu  square  of  velocity.     It 

n  thot  a  pound  of  mattor  revolving'  in  on  orlnt  juNt  outride  the 

Lnrould  have  kitiftic  energy  about  220  tiroes  greater  than  if  it 

pU«d  witli  t)ie  eartii.    If  thLs  motion  were  anrosted  by  the  body 

ring  into  llie  aun.  the  heat  generated  would  be  about  2800  timM 

\t  than  tlint  ^ven  out  by  the  conibuittiun  of  ft  pound  of  cliarcoaL 

oow  that  Bmall  bodiM  are  travelling  about  in  the  celestial 

fur  they  oftra  beeome  viaible  to  oa  aa  meteors,  their  inean- 
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quantity  of  matter  cii-cukting  w!tbiii  the  orhit  of  Hercuiy,  i 
quantity  is  found  to  he  such  tJmt  the  heat  which  it  oonld 
would  only  be  equlvulont  to  a  few  ocnturii-s  of  iwlar  radiatil 

Holmholtz  hsA  suggested  that  tti«  .tninllncju  of  the  son's  dt 
only  \  of  ttiat  of  the  earth — may  be  due  to  the  exploded  •■ 
coiiiioquent  on  the  poeseosion  of  a  ver)'  high  temperatnie,  w 
thi.i  high  temperature  may  be  kept  up  by  a  gradual  ooot 
Contraction  involves  approach  towards  the  sun's  centre,  mi 
tore  the  performance  of  work  by  solar  gravitation.  By  m 
tliat  the  Work  thus  iloiii:  yiulds  an  vquivalent  of  h««t,  he  hri 
tiic  result  that,  if  the  sun  were  of  uniform  dfinsity  throogb 
heat  ilevcloped  by  a  contraction  amounting  Ut  onlyotM  tcs-tboi 
of  the  aolar  diameter,  would  be  as  much  as  is  emitt«d  by  tbi 
2100  years. 

614.  SouToeB  of  Ener^  STailable  to  Han. — Man 
energy;  ho  can  only  apply  to  his  purpoet-it  the  stores  of  i 
be  finds  ready  to  his  hand.     With  somu  uuimiHirtMit 
Uttmc  can  all  be  traced  to  three  souroos: — 

I.  The  solar  raya. 

IL  The  energy  of  the  earth's  rotation. 

in.  The  energy  of  the  relative  motions  of  the  tnooHT' 
sun,  combined  with  thu  potential  i-ner)^  of  their  mt 
lion. 

Tha  fina  which  drive  our  Bt«aio-englnua  owe  their ' 

to  the  solar  "TTi  Tht  Mhih  tMhtiI 


1 


B0DECG9  OF   EHESGT. 


489 


■iiUs.  ifl  due  to  the  joint  action  of  heat  derived  {rom  tiie  sun,  and  the 
Inrth'a  ivtation. 

The  tides,  which  ai-o  8omi.-tinKv<  employed  for  driving  millA,  ai« 
dno  to  aoorooB  LL  and  Ili.  combim^d. 

Tbo  work  trhidi  aum  obtains.  Ii,v  hi^  own  appliances,  Crom  tb« 

id*  and  tidca,  is  altogether  insigDiticant  wlien  coutpared  witli  the 

done  by  th«e  agente  without  his  inttrvcntion.  thU  work  being 

Ijr  spent  in  friction.     It  is  certain  that  all  the  work  whidi  they 

.  involves  the  loss  of  so  much  en<.Tgy  from  the  original  sourcee;  a 

which  it)  Bstrouoiaically  insigniliOAnt  for  such  a  porion  as  a  ceo- 

bnt  RAy  prcxluce,  and  probably  has  produced,  voiy  M:n^ibl« 

in  long  ages.     lu  the  case  of  tidal  friction,  great  part  of  tbo 

I  inu*t  fall  u|>OD  the  energy  of  the  earth's  rotation;  but  Uie  coso 

Tvry  different  with  winds.     Neglecting  the  comparatively  insigni- 

it  effect  of  aerial  Jdes,  due  to  the  gravitation  of  the  moon  and 

I,  wind-friction  cannot  in  the  filightest  degree  affect  the  rate  of  the 

li'»  rotation,  for  it  is  imposHiblo  for  any  action  exerted  between 

of  a  syHtem  to  alter  tlic  angular  momentum'  of  Oic  system. 

i-i!i-ci  tif  ea.stf'rly  winds  in  checking  the  earth's  rotation  miut 

Llhenfure  be  exactly  balaneed  by  the  effect  of  westerly  windu  in 

[imlermttn^  it.     In  applying  this  principle,  it  is  to  be  remembered 

Tlhat  the  couple  exerted  by  tlw  wind  i»  jointly  proportional  to  the 

Ifbto  nt  friction  resolved  in  an  easterly  or  wmterly  direction,  and 

to  tlie  distance  from  the  earth's  axia. 

Hi.  Dissipation  of  Ener^. — From  the  principles  laid  down  in  the 

l^mtnt  chapter  it  up|H-unt  that,  iJtliuugh  mechanical  work  can  be 

vly  sp«Dt  in  pro<luci»g  its  equivalent  of  hont,  heat  cannot  be 

fly  apoot  to  pnxluciiig  mechanical  work.    Alon-|  with  the  oon- 

lof  heat  into  iiicelianical  otfect.  there  is  always  tlte  ttmnsferonce 

'  ttotbor  and  usually  much  larger  quantity  of  heat  from  a  body  at 

h^Mr  to  onothv^T  at  a  lower  tempvi-aturc.     In  conduction  ami 

Jon  heat  pawtoi  by  a  more  dirv<rt  proci'Mt  from  a  warmer  to  a 

body,  tuually  without  yivMin;;  any  work  at  all.    In  those 

,  tlwugh  tliera  is  do  loe»  of  energy,  there  is  a  ruuriiiig  to  vfosiv 

tu  an  rrgards  convertibility;  for  a  body  must  be  hotter  tlian 

Q^bouring  bciilics,  in  order  that  its  heat  may  be  available  for 

•Iding  work.    This  proccee  of  running  down  to  less  available  forms 

*i  bven  variously  styled  diffusion,  deffradation,  and  di«npation  of 

*TW  tafviw  imaiMluw  li  UMuurcd  bj  Umt  prodsct  of  Uie  raoMoit  of  Inortk  (1 114) 
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energy,  and  it  is  not  by  any  meana  confined  to  heat.  We  cut  • 
of  energy  in  general  that  it  often  runs  down  from  a  higher 
lower  grade  (that  is  to  a  form  leas  available  for  yielding  waA), 
that,  if  a  quantity  of  energy  is  ever  raised  from  a  lower  to  a  hij 
grade,  it  is  only  in  virtue  of  the  degradation  of  another  qoantit] 
such  sort  that  there  is  never  a  gain,  and  is  generally  a  loes,  of  «t 
able  energy. 

This  general  tendency  in  nature  was  first  pointed  out  by  % 
Thomson.  It  obviously  leads  to  the  conclusion  that  the  etiih 
gradually  approaching  a  condition  in  which  it  will  no  loi^ 
habitable  by  man  as  at  present  constituted. 


CHAPTER   XXXIX. 


STKAM   AND  OTHER   U£AT  ENGINES. 


Mt-englites. — Tim  nune  of  heat-oiigine  or  thermo-dynamic 
^vvii  U>  all  ii'ticliinca  whidi  viclJ  work  iu  vtrtuu  of  heat 
iup]ili«il  to  Uiom.  Be«ti<le-t  the  »teaiii-«iiginc,  it  includvM  tlip 
a  uid  tliH  gajt-engine.  We  ahall  first  deaoribc  one  of  the 
i  of  the  air-engine. 

irling's  Air-eo^ne. — Fig.  314  is  a  perspective  view,  and 
a  aection  of  Uio  «ngin«  invented  hy  Dr.  RulK'ii  Stirling. 
cular  fomt  )iRr«  ropmenti^d  U  tliAt  which  ha»  huun  A<Ioptod 
I  by  U.  Laubureau.  It  oondsbs  of  two  cylinders  of  ditFerent 
\f  which  are  in  communication  with  each  other.  The  laif^er 
■  divided  into  two  couipartmcnt^  by  s  kind  of  large  pisboo 
llaster  of  Paris,  which,  howev«r,  dooi  not  touch  the  sides  of 
lar,  and  thus  Jeara  aa  annular  ftpocv  for  communication 
)b«  two  oompartmcnts. 

tUnn  of  the  large  cylinder,  which  is  directly  exposeil  to  the 
■^■fomace,  ia  slightly  concave;  the  top  is  double,  thus 
BHUermediate  apace,  through  whicli  cold  nater  ia  kept 
g  by  means  of  a  pump  which  is  driven  by  the  machine. 
I  arraogement  it  foUows  that,  when  the  mass  of  plimter  is 

ri  of  Uio  cylinder,  it  will  intercept  tlic  heat  uf  the-  Sre, 
bad  conductor,  and  thus  tlic  air  in  Ute  cylimler  will  be 
•  the  waU-r  iu  th*'  double  toi>.  On  the  other  hand,  wh«D 
1  ia  in  contact  witli  the  r\ifngerator,  tlie  air  will  be  exposed 
tton  of  the  Sre,  and  ita  elastic  force  will,  conse^iuently,  be 


cylinder  is  open  above,  and  oontaios  a  piston  which 
ik  CO  the  axle  of  a  heavy  By-wbG«l  of  cast-iron.  Tlio  coin- 
I  betWM-n  the  two  ^linden  ia  in  the  lower  part  of  each. 
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Suppose  now  th&t  the  1  vg«  jii-ston  \s  in  contiict  with  tlw  I 
rator,  while  the  emsU  piston  is  in  ils  lowest  poaition.    The  airl 
exposed  to  the  action  of  heat,  expands,  and  mises  the  taaall  pin 
Tf  we  now  suppose  the  lar^re  piston  shifted  to  the  bottom  «l  i 


cylinder,  the  air  will  oool,  and  ita  presaun  will  (limini 
«qnal  to  or  even  lewi  than  that  of  the  atinoaphere.     Tb*  gnallj 
will  thus  be  carried  to  th«  bottom  of  the  cylinder  hj  tlu  ' 
of  the  fly-wheel,  and  will  a^ain  be  pushed  op  by  Iho  ■ 
air,  if  we  suppose  tho  larj^  piston  to  riw:  again  to 
cylinder. 


AlR-KXalSE. 
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I  tnotko  of  UiD  large  piston  is  effected,  as  shown  in  the  figure, 
ol  an  Mcviilric  uti  tlie  axle  of  the  tty-wheeL  The  engine 
saiiU  siM,  uid  is  iiitorulod 
poipOMM  nquirin^  but  little 
To  obtatQ  Ijigh  etHuuticy. 
eDcding  to  the  priudplea  of  the 
wptiag  ehspter,  the  dUI'ereuce  of 
Bfientare  betnrc«n  the  two  ends 
ti*  luig«  eylinder  should  lie  ver}- 
wi  This  amounbi  tosaj'in^  thut 
e  lower  sail  tuust  l>e  kept  very 
■<  linoe  it  is  practicatljr  imjMvi- 
yli  to  keep  tlie  upper  end  uiuch 
olrr  than  the  surrounding  stitio- 
hen.  The  facilit^r  of  niaintain- 
K  »  TM7  high  temperature  con* 

■tolM  at  ODOe  the  Btn-n^^'th  nml  the  weakness  nf  the  air-enginv. 
M  bottotn  of  the  cylinder  l>i-coines  rapidly  oxidized,  and  needs  fre- 
l«Dt  nnewal.  Partly  for  this  rnwon,  and  partly  on  account  of  tlie 
■■U  txpAosibility  of  air  ns  com^xu-ed  wiUi  the  ex|wn.NioQ  which 
kti  place  when  wat«r  is  convurt<<d  into  steain.  air-eugincK  are 
ItJom  employed  for  high  power*. 

618.  The  StaaiB-engine:  its  History. — As  early  ns  the  <ievente«nth 
EUury,  when  Otto  (Juericke  ami  Tonicelli  were  investigating  the 
Bwure  and  the  weight  of  air,  attention  ha<l  been  given  to  the  phy- 
■1  propertioa  of  steam,  and  Ute  idea  of  employing  it  as  n  source  of 
hrk  had  been  entiirtaltied. 

t  first  penoD  who  tnnde  strain  drive  u  piston  was  Papin,  a  French 

r,  inventor  of  thodigf^ter  ami  the  safety- valv<^  (born  lOfiO; 

lO).     About  llie  year  HiDO  he  constructed  a  working  mode), 

of  a  cylinder  open  at  the  top,  containing  a  piston  and  a 

I  water  )>L-low  it.     Thv  watxr  vriut  converted  iuto  st«siii  l-y  the 

tiou  of  hout.  and  raised  tbo  piston.     Tho  machine  Ixting  then 

to  cool,  tho  pnmnre  of  tlio  atmosphere  forced  the  piston 

A  backward  mid  forwar*!  mo(4on  was  Uius  olitainod, 

Papin  proposed  lo  convert  into  a  rotatory  motion  by  means 

E>  and  pinioo  work  and  ratchet-wheels.     A  descripUoa  <A 

>*a  maohioo  is  given  in  the  Ada  Enulitontm  under  date  1690. 

L  (^  k  •  Mnlgta  Ur  wUh  Meth  at  «m  edge.  wUdi  wcriu  wftk  a  tootDod  »bt<l 


u&ffUm  tm  genera]  purposes,  was  rapenwded  by  an  engfi 
contrived  by  Newcomen,  Savery,  and  Cawley,  which  com 
cyliiidvr  and  piston  with  tho  separate  boiler  and  with  ooo 
by  the  ii^jcctinn  of  cold  water  into  the  cylinder.  Thia 
generally  referred  to  lut  Ncwoomen's  atni<»pb<-ric  cngiiu.-' 
because  the  dettc«nt  of  the  piston  waa  produoed  by  attno^ 
sure,  on  the  condensation  of  the  atoam  beneath  it.  ^ 

Jamee  Watt  (born  1730;  died  1819).  who  «fl«:t«d  tfiP 
portant  improvements  in  the  ctewn*«ngino,  had  hta  attent 
to  tJte  subject  when  engaged  in  repairing  a  model  of  Nr 
en^ne,  being  at  that  time  philosophical  instrument  mak 
University  of  Glasgow.  Ilia  tirst  improvement  ooiuiati 
introduction  of  a  separate  vessel  for  tbe  condensation  of  t 
ao  aa  to  allow  of  kvcping  the  cylinder  always  hot. 

This  lirst  improvement,  which  immediately  prxxluccd  a  pi 
of  fuel,  waa  followed  by  another  of  scarcely  lc«8  impoiiu 
coDatsted  in  substituting  the  pressure  of  steam  for  Uvo  ati 
pressure,  which  in  Kowcomen's  engine  cau&ed  the  downm 
of  tho  piston.  Tlie  upward  atroku  waa  cfToctvd  by  mwaij 
terpoise,  tho  ctcnm  being  admitted  to  preaii  equally  bodnl 
below  the  pinton.  These  two  improvementa.  and  a 
iog  of  tlitt  details  of  the  machinery,  cauimmI  Watt's  < 
tliat  of  Newcom«n.  llie  engine  tJius  contrivi>d  liy 
ti/ngU-ftcling.  bocauiie  only  the  down-stroke  of  the  pi»ton  i» 
by  the  pressure  of  steam.    This  arrangement  ks  [lorticullri' 
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We  nay  ul<i  that  tho  unprDvom^Dtfi  introduced  in  the 
k-eogiiu  BtiHW  WattH  time  hav«  Wca  niattors  of  dutatl  rathur 
kif  priodpla.  Wo  proceed  to  describe  Watt'.-«  r'li^ne. 
L  PrtDd^e  of  the  Doubls-acting  Engine.— M  (Fig.  31C)  is  a 
r  eoOBnaiucatiiig  witb  tlie  top  and  bolcom  of  the  cylinder  by 
m  at  two  stop-oocks  u  and  b.  Connection  can  be  established 
ten  tile  cylinder  an<l  the  cuiideuttcr  I  by  two  other  cocks  c  and 
Et  now  Um9  codu  a  and  c  are  opened,  and  b  oud  c'  shut,  the 


tic.  at— Plkatpl*  d  tb«  IMiililF«cun(  Knfin*. 

from  the  boiler  u-ill  arrive  above  the  pistOD  P,  while  that 

WW  pra\-iouHly  intrnduwd   below  will,  by  couiiiiunicatioo 

ItbB  eoodenser,  be  more  or  Ium  cotkleoaed,  an<l  will  thus  low 

forte;  the  piston  will  accordingly  dcmond  to  the  bottom 

rUwlvr.    Thv  two  an-kn  l>  an<l  <i  are  thi^ii  opened,  while  the 

t  ana  shut;  the  HU-ani  above  ttie  pUton  is  thus  condensed, 

that  below  the  pinion  forces  it  up.  thus  causing  the  apwanl 

,  after  which  the  pLntua  may  again  be  made  to  descend,  and 


thus  aee  that,  by  ouitalile  manipulation  of  the  stop-cocka 
,  we  can  give  tlio  piHtoti  n  Imckward  and  furwunl  motion. which 
lily  bo  tnuwfonucd  into  one  of  rotation.  For  this  ])uri>oiM» 
•rod  ia  conuNted  with  one  end  of  the  beam  iCU  by  the 
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jointed  ponUlologrom  C  B  D  B,  whila  the  other  eod  of  the  t 
joint«(l  to  Uie  conneciing-rxxl  G  L,  which  ia  itself  jointed  to  tbi 
of  Uie  fly-wheel  UR, 

It  wiU  be  eeen  that,  if  the  piston  deteandi,  tho  action  of  thi 
will  drive  the  wheel  in  the  direction  Hhown  by  tho  arrow. 
the  piston  has  completed  it«  downward  8trok<<,  the  ooi 
and  tho  cnuik  wilt  bu  in  a  Ktmight  line,  and  the  action  of  the 
upon  the  latter  will  have  no  tendency  to  turn  the  wheel  eitba 
This  position  is  called  a  drad  jwint.  But  the  monteotum 
by  the  fly-wheel  will  carry  it  \viat  this  portion,  and,  the  pjstoo  I 
then  commenoed  its  upward  stroke,  the  rotatory  morement  wiQ  i 
tinue  in  the  same  direction  until  the  rod  and  crank  ore  at  the 
ttead  point,  which  occura  at  1H(^  from  tlie  tinit,  and  is 
in  the  same  way.  We  thus  dco  that,  by  means  of  the 
motion  of  tlie  piston,  we  can  oUain  a  rotator^'  nratJon.  « 
be  ini])arted  to  a  boruontal  tihaft,  and  uia<ie  to  drive 
any  kind. 

The  jointed  parallelogram  which  connects  the  pistoa- 
beom  is  one  of  the  most  ingenious  of  Uio  improvemeDts 
by  Watt.  ItB  use  is  evident.  When  the  engine  is  at  work, 
of  tJiu  b^am  dL>»ci-il>os  an  arc  of  a  circle,  while  tli«  end  D  of  tbi 
rod  inovee  in  a  straight  line;  it  is  therefore  impossible  tojoj 
directly  together.  They  ore  Uierefore  coonectod  tliraugh  the 
of  the  short  rod  ED,  which,  with  the  two  other  nxk,  BD 
together  witlk  the  part  CE  of  the  beam,  form  a  jotnttd 
ffram,  the  angles  of  which  can  vwry  according  to  the  {naitiua 
beam.     Tlje  angle  B  ia  connected  by  a  joint  witli  the  m 
raditt»-rod  BO,  movable  about  the  fixed  point  O,    The  elfi<^ 
arraugemoDt  is  as  follonii: — If  wo  take  the  bcttm  in  a  li 
pwiition,  and  Kupponc  the  end  E  to  rbo,  the  {mint  D  will 
towards  tlie  left  by  the  action  of  the  beam,  and  towards  the 
the  action  of  the  radiuA-rod  HU,  which,  from  it«  chedcing 
ment  of  the  pLston-rud  to  eitlier  side,  is  often  callix]  thr 
It  will  easily  be  understood  tliat  these  two  contiary  art! 
made  to  balance  each  other  almost  exactly,  and  tliat,  a 
the  path  of  D  will  doviale  vi^ry  little  fnnti  a  itraight  liof 

620.  Arrangemeot  for  Admitting  the  Staain. — We  hav 
the  d«'Kcri[>tii)n  of  the  steain-engine  by  supposing  that 
and  e,  6  and  </  were  alternately  opened  by  hand.     Thi: 
not  the  actual  arraDgemeut,  the  opening  and  clueing  of 
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rttl\y  offi)ct«d  hy  Automatic  movcmcntfl.  Tho  tnoet  usual 
It  for  thu  purpose  is  the  dide-vatvc,  wLicb  wo  now  pro- 
ribe. 
:  steani.  instead  of  entering  tlio  cvHnder  dit^ctJ)-,  [laaNW  into  it 
\  a  box  in  front  of  it  (Fi^.  317),  which  is  called  the  valt>e-elte»t. 
btbooppoaltw  face  of  th«  box  from  that 
U  whid)  th«  ttaam  onten.  arc  three 
iHtM  or  porit  Qcwr  each  other.  The 
Bt  of  these  cominunicatcs  with 
upper  paft  of  tho  cylinder;  the 
"*>  000  witli  thv  luw«r  part;  and  tlto 
liWa  bole  with  o,  which  itAolf  i»  in 
Nanmnication  with  the  condi^nser. 
ppn  Ihia  Caoe  of  the  box  there  slides  a 
■kMu^lar  piece  of  metal,  hollowed  out 
Ml  iLf  aide  next  these  openings,  and 
■l^  SBoo^h  to  rvaeh  ovor  two  of  tho 
Kttbatoneu. 

In  llie  right-hand  figure  thix  glide-vaive  is  supposed  to  be  at  the 
Pfiof  iu  upward  stroke,  thm  admitting  the  atean  below  the  pbtoo, 
bd  poabing  it  in  the  direction  indicated  by  the  arrow;  while  the 
tvam  above  the  piston  ts  put  in  communication  with  the  condenser. 
A  Ihe  left-hand  figuro,  (ho  opposite  positioa  is  tdiown;  the  steam  ia 
liiiitttrd  alxA-tr  th»  piaton,  while  tite  lower  part  of  tho  cylinder  ia 
^  commuoieation  witli  the  oondonner. 

I  AtL  KoTemeot  of  tbe  BUding-valve. — It  is  desirable  that  the  move- 
Hat  of  til--  ilido-valve  should  be  automatJC;  for  this  pur{Kxw  the 
liowiog  arrangement  is  employed.     A  circular  ptooe  of  metal  e. 


rir  tiT-au^ni*!, 


nt  nS— KncBMcdit  nrnlncSMt-nli*. 


1  the  MonUrie,  is  traversed  by  the  shaft  of  tho  engine  in  a  |>oint 

I  ii  oot  the  ecotre  of  the  piece,  and  is  ri;^dly  nttiiclii^  to  tho 

Thia  eceentrie  is  surroundMl  with  a  rin^  of  iiiftAl,  which  can 

i  fR«ly  about  it,  and  which  format  part  of  the  triangular  frame  T. 


n 


408 


STEAJI   AND  OTHBR  HEAT   EKOlKSa 


«  tbeji 

h«|| 

J 


The  vertex  of  the  tmngle  U  fastened  to  a  bent  lever  abe, ' 
receives  an  oticiUatoiy  movemcat  about  tJie  point  b.     11 
ment  raiaee  and  lowers  altorriAtoly  tJie  rod  d,  n-hicb  is  «t 
tbo  sliding- V ft]  w,  und  tliu]<  ^ivc.t  thnt  valve  ite  inoLion. 

fiSS.  Air-pump  of  the  Condenser. — The  oondenKcr  in  a  i^lii 
wbicli  a  jet  of  cold  wat«r  coustAntly  plays,  the  quantity 
OBU  be  increased  or  diminished  at  pleasure.     The  Mt«un,  in' 
(leosatioQ,  heats  the  cold  water,  and  at  tbe  same  tintn  the 
taint'd  iu  the  water  i«  disengagtitl,  owing  to  the  muilII  pr 
coodvnser.    It  m  thu8  found  n«c«s.<t«r>'  Ui  punip  out  botl) 
the  water;  and  tlie  pump  which  does  Uiis  is  driven  by  th« , 
the  engine. 

The  warm  water  thus  drawn  out  is  conducted  to  a 
whvnvu  a  portion  of  it  is  raided  by  a  socond  pump,  and  fu 
tlie  boiler.  Finally,  a  Uiird  pump,  usually  of  grvati^r  pownt 
tile  other  two,  raisen  water  from  some  exU'nild  iH>urcr,  an 
charges  it  into  a  bath  called  tlie  eold  vxti,  which  fifda  ihi 
denser.  These  last  two  pumps  are  also  coanecU.-d  with  tbo  \m 
the  engine. 

SS3.  OoTerBOT-baUs. — The  apparatus  calk-d  the 
the  cnUri/uf/ul  gotm-nor  waM  d<«)gtii.'<l  by  Watt  fur  tlw 
regulating  the  adniisaion  of  st<?fim  in  Huch  a  iniumrr  aa  to 
rate  o£  tlie  engine  nearly  constant  through  all  vanattuna  ol  I 
anoe  to  be  overcome. 

It  consists  of  a  vertical  axis  y  (Fig.  319),  whidi  reeuivi 
movement  from  the  macliiiie.  To  the  top  of  tins  aru  joiolcdi 
rods  »$.  a0i,  currying  Uiv  heavy  balls  Z  and  Z'.  Two  utWil 
^•t  fft.  are  jointed  to  the  first,  so  as  to  form  with  than  a  loM 
the  lower  end  of  which  ia  fastened  to  a  slidin^-ring  m,  wbitkl 
roands  the  axis  of  rotation.  When  tlie  engiin'  Im  at  rmt,  tJi*  ik 
the  loKenge  are  as  near  as  possible  to  the  vertical,  Init  whea  il  li| 
to  work,  the  halls  are  carried  out  from  the  vertical  by  <iUtf| 
force,  and  the  dtstauuc  increases  with  tlio  velocity  of  rotatii»  1 
«lidtng-rtng  is  thus  mtsed,  and,  by  means  of  a  system  of  Ia<r<n.l 
upon  a  til rottle- valve  (a  disc  turning  about  a  dianetor)  is  tlf  *W| 
pipe,  tio  as  to  dirainiflh  the  supply  of  steam  to  the  cfUndot  wlM' 
velodty  increases. 

fi24.  Use  of  the  Fly-wheel. — From  the  mode  in  whkb  tbtMl 
of  the  piston  is  tian^mitt^d  to  the  aliaf t,  it  is  obvtooB  that  t^  in 
ooupio  undergoes  great  variations  of  magnitude.    It  b  gnalatl 
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ilAtically)  when  the  ennk  is  nvarly  at  right  aaclcs  to  thn 
"-ml.  uni  diminishM  in  approaching^  'h<^  dvani  pointe,  where 
uihlii-s  alUif^-Lhor.  Tlimv  viiriationK  in  tho  driving  couple  tend  tn 
Jtm  cotTO^ndmg  vnnationii  in  th^  velocity  of  TX>t«ti<m. 


|MH(tMtoMli«<flT-Bk<id    VT.to-vlml   1.  Mvninr,  »l>lc&  br  nion* -t  th>  maw 

ilfta  lmt*t  aMibavoM  ItatlUc-nln.  »».«»  iliwu'til,  |«ulii|i><gr>iiiilii>)' 

>  IT.  wd  ava  •  MBMII  ^oUn  <.*>■(■•  BntlM  M  Bumnlltoil  l'^  Isnl^  wlimli  Ui  ihi 

■  oMnlBtiil  sanntM.  ai^  •tMI  tfrmi  (•}U>trUu~>.  'M  IiuihuIiiiiiu  iiiii.Kir- 

■  <tf  lmntul>aUiMUe-nl*a    B,  loiulrnwr     Kit  roM  vili     i,  iul«  iIiiouKti 

I  SW^alUHiwM  nil  Mrfai  ftlHHffkrm  prnaud  runt  Inlaiht  iiliilHiHr.    KH*. 

lyiut>»    F.  pUlun  III  ditl^   ».>Brii     X.  m4  ••(  ih>  i»i"|i  I  vkhli  MiifaH 

>«     r.  UUi>tdikm«lTwlb*mMr*niira  ITM  IkaiuMviwrt.    V,  rod  •(  lk« 

I W,  akkk  Urol  nur  nna  W  wd  btwa  II  Mo  Um  bMtM 

lUMM  also  ooQtribute  to  produce  tb«  mud«  rvsult,  eapedally 
ia  the  amount  of  reststAnoe  to  be  overcome.     If,  fur 


uuuHiuurttDiSBUCinia  wngnc  ^uib  wei^m 
pooBible  at  ib«  rim),  niiii  receives  »  rotntoty  movement 
onginob  IF  the  driving  power  increaseo,  or  the  reaigtanw  di 
all  th«  tuoviiig  )iartf>  of  the  engine  acquire  increofietl  I'elod 
the  greatest  part  of  the  additional  ener^'y  of  motion  tliua  ( 
go«H  to  the  fly-whi-el.  which  hu  sue!)  a  lur^-  inutn<>Dt  of  iai 
n  wry  slight  change  io  itsangular  velocity  roprcMuita  a  Urg 
of  uner^o'  (S  I'H  "^^^  energy  thus  alnorbod  I7  the  fly- 
restored  by  it  when  tlie  velocity  is  checked;  and  tlie  rotatai 
shaft  19  thus  renileriMl  nearly  uniforiu  in  all  |)artH  of  the  *tn 
size  of  the  fly-wheel  i^uHually  made  such  that  the  dilTereiiM 

the  greatest  aod  least  velocities  shall  not  exceed  aliout  ^  of  f 

veloci^.  H 

525.  General  Description  of  Watt's  Bn^ne. — The  exptan^ 
given  will  enable  the  reader  to  underatand  the  general  acn 
of  Watt's  engine  as  reprceent«d  in  Fig.  S19.  It  k  matttly  I 
to  remark  ttuit  the  slide- valve  ut  slightly  different  from  tbat^ 
abovf,  but  tlic  modification  is  not  of  any  importaooe. 

526.  Working  ExpanaiTel}'. — Among  the  niodiBoatioiM  In 
since  Watt's  time,  we  must  notice  in  the  first  pliiM  what 
Gt/xtTi^iie  working}  ViTien  the  piston  has  performed  a  pa 
stroke,  the  steam  is  shut  otf  (or  in  technical  phraiM  out  o^l 
cylinder,  and  the  expantivc  force  of  tlie  steant  aln-ady  aM 
left  to  urge  the  piston  through  the  remainder  of  its  ooam 
utuans  a  great  economy  of  steam  may  he  effected.     The  Ml 
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fnur-tifttiM  of  it«  stroke  undvr  the  gradually  diminish' 
•Mire  of  the  i*t4;wii  whicli  tiitorod  the  cylinder  duriag  the  first 
ind  the  work  doitc  during  th«s«  four^littlis  is  so  much  work 
by  working  ejijianAively. 

ModifiettioD  of  Slide-Talve  for  Expansive  WorUo;.— Tito  cut- 
Tof  th«  ftt«am  before  the  end  of  Um  stroke  ih  usually  etTtictod 
eontrivanOB  rcprosentcd  in  Fig.  3S0:  ad,  ad,  are  two  platoA 
U  part  of  the  rtlide-valve 
raaoh  grest«r  vidth  than 
eniugH  L,  L',  The  exceaa 
th  is  called  lap.  By  this 
aokcot  one  of  the  apertures 
i  doMd  for  some  time,  to 
Em  rtoam  In  ^hut  off,  and 
Jy  by  its  ex{ian.sioii.  Thv  expansion  incroasca  with  the  lap, 
I  in  simple  proportion,  ati  «quat  inoveuienta  of  the  slide-valve 
eorrwpood  to  equal  uiovenient^  of  tlie  piston.  The  amount 
inrion  can  abo  be  regulated  by  means  of  the  link-motion, 
irill  be  duscribud  in  §  540. 

OiNipouul  BaginM. — Thi«  is  the  naioe  given  to  engiiMa  In 
ibastaom  performs  th«  great«>r  part  of  it«  expansion  in  a  second 
r.  of  much  larger  croat-aecUon  than  tlie  fint,  th<>  increased 
pwora  on  the  pLiton  serving  to  comjien.'tate  for  the  ditoin- 
lltalicUy  of  pn's»uru  whicli 
in  the  latter  |)art  of  the 
nd  thus  to  pnwluce  irrea1<  r 
eaaof  driving-power.  Variuuis 
Is  have  been  adopted  for  con- 
;  the  two  eylindcn.  One  ar- 
Ant  for  thh  purpone  in  repre- 
fa  Fig.  321.  /I  in  iJie  Rmaib^r 
working  in  the  smaller  cylin- 
lOD.  V  ifl  the  larger  piston,  n^  ,.,i 
g    in    the    larger    cylinder 

tf.  In  the  up-etrokc,  the  pmwage  D  A'  is  clcMvd,  and  C  B'  is 
Ae  small  piston  is  forced  up  by  the  high-pressure  steam 
|kiitc  the  steam  above  it,  instead  of  escaping  to  a  ccmdenser, 
t  loUi  the  large  cylinder,  and  tliere  raism  the  piston  P.  the 
mti  of  the  large  cylinder  being  connected  with  the  condcn»eT, 
dowB-atroke,  the  passage  CB'  is  cloecd,  and  DA'  is  oprau 


r-'iii;M'Ui>'1-<T'llndrt  A^rut£^uicii|b 


iheae  tubes  at  their l^PJ^ffimRnHotnea  contln 
paasage  through  tlieni,  thua  yielding  distilled  water,  wlueb  i 
liack  to  feed  the  boiler.  "Die  same  water  can  thus  b«  pul 
the  engiiio  many  times  in  »uc«L<K^ioD,  and  iho  wasta  which 
usually  repaired  by  adding  from  tim«  to  tiue  a  littlo  dictit 
pri.-pAri;d  by  a  separate  ap))aratiM.  ^H 

&30.  OlassiScatioo  of  Steam-engines.— The  diatinctiaBnl 
between  diti<:rotit  kinds  of  Atatinuaiy  eoginoti  relate  oilh 
pressure  of  the  ateam,  or  to  its  mode  of  action,  or  to  Ibe  an 
of  the  mechanism,  especiaUy  as  rogards  th«  mode  in  which  i 
mi-^nt  of  the  piston  in  tnuiiuuitted  to  th«  rtAl  of  the  niadiia 

On  the  first  of  thc»e  heads,  it  must  be  remarkiHJ  llM 
low-pr«t9un  and  higk~pr««»tir«  are  no  longer  cquivafll 
dermng  and  non-condenaing  as  they  oooe  were,  and 
differences  of  degree. 

When  the  preMures  employed  are  very  low  there 
explosion  and  tittle  wear  and  tt^'ar;  but  thoengim-  must 
in  proportion  to  its  power,  and  oxpansivu  working 
ployed.     Low^pnuwurc  engines  arc  always  oontUwditg,' 
converse  is  not  tnie.  j 

With  r«gard  to  the  mode  of  acticm  of  the  ateam,  m^l 
classed  as  condensing  or  non-oondensing.  as  expansive  or  H 
nive.  Condeiii^tioD  increases  the  quantity  of  work  ubtu| 
a  given  consumption  of  fuel,  and  ts  almoet  always  ^M 


iivaiHi 
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denaing  engines  in  generally  simpler.  The  piston-rod 
travels  between  guides,  and  drives  the  erank  hy  means  oi 
ing-rod.  Tliv  cj'lindftr  may  be  either  vertical  or  boriioD 
inclined  at  an  angle.  An  engine  of  this  kind  is  r^nfl 
322.  ■ 

Oecillating  Snfftnes. — Tlio  space  occupied  by  the  cng 
lessened  bj-  juinting  the  piston-rod  directly  to  the  crank  » 
coooectiiig-rod.  In  Uiis  case  the  cylbider  oaciUalc*  i 
gudgeons,  one  of  which  serves  to  admit  the  steam,  tbti 
it  escape.  The  dbtribution  of  the  ateain  i»  e^dod  bj 
slide-valve  vhoee  movements  are  governed  by  those  of  ti 
Oscillating  engines  are  very  comoioQ  in  steam-t 
produce  lui  exceedingly  smooth  motion. 

6SS.  Rotatory  Engines. — Numerous  attenpta 
dispense  with  the  redprocating  movement  of  a 
rotation  by  the  direct  action  of  steam.  Watt 
engine  on  this  plan  in  llHi.  Hitherto,  however,  the  resoJ 
by  this  niethoil  have  not  been  «ncouragiog.  Ik'hrm'a  n 
we  now  proceed  to  describe,  is  one  of  the  beet  ezanplaL 

Fig.  323  is  a  perspective  view  of  the  engine,  and  Tif  I 
sectioQ  of  the  cylinders,  showing  the  mode  of  aeUoo  of 
C  and  C  are  two  pandlel  axes,  connected  outaade  by  I 
wheelB,  ao  that  tliey  always  turn  in  (^posile  dtreetado 
these  axes  is  the  driving-sliaft  of  the  engine.  ^laM  t< 
aurrounded  by  fixed  collars  c  and  «'.  which  fit  closely  tc 

ilruial  uivtnK  17.  anrl   R*- *l>aAD  U**i»   .uhLnk  oil.  U>.l.ll«  <...» 
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«|ipOBite  direction,  curying  with  it  ET.  to  wliicli  it  is  attAclted. 
h&lf  a  rvTulutioii  thu  sector  E'  will  bv  in  n  ponition  oorn^pond- 
ilafl  for  right,  to  that  wliich  E  now  occupieAi  it  will  then  be 


n;   '.:•   -U«k>«ii'(IIMaMC]r 


k)  hy  the  steam,  so  a«  to  oontinuo  th«!  motion  in  tlte  same  direc- 
for  another  half-ravolutioi),  wlivn  the  two  sectont  will  hava 
Imed  th«  poaition  repreMnted  in  the  Kgur«. 
BS.    Boilers. — ^There  ara  many  fonna  of  boiler  in  ua^     That  which 
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ia  represMited  in  Fig.  3S'>  U  the  fAvourite  fonn  in  Franc«,l 
extensively  useil  in  this  counU-y,  where  it  is  called  the  >Vini«4  toi 

or  the  ctfiindriixtl  boiUr  ivitkAma 
The  maiQ  botlcr-slx!]!  A  is  cyUn 
en)  vrith  hciuliplivriCAl  coda.  I 
nn  two  igrliii'lrical  tut«i  ell 
lieairrg,  of  Dio  uiiiie  Imgtti 


I  i^  ^JJ  -  S*':t[ol)  iiT  IVlilTfi'l  Y\ 


uiain  aliell,  ami  coaoect*^)  witb  il 
vertical  tubes  d,  d,  ot  whidi  lb 
art-  t>«uallj  three  to  each  b«atat. 
horizoiitul  brick  |iartJtioa,  a  61 
higher  tlian  the  omtrM  of  I 
heateni,  extendi  along  tltrjr  wk 
length:  and  a  vertical  partition  runa  along  the  toj)  of  each  baat 
except  where  interrupted  by  the  vertical  tubes.  Tlie  flanw  tn 
the  furnikcu  i»  thus  conipollod  to  travel  in  the  fir^  itutaocc  bd 
words,  bcncfltb  the  heatcvu;  tli«ii  forwanl^,  tlirouj^h  tltw  inbUBMbl 
apace  between  the  heat«rs,  tlte  vortical  tubw,  and  thu  rnato  ablH: « 
lajitly.  backwards,  through  the  side  pataagea  CO.  whidt  Ind  to  A 
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diimney.    By  thua  compelling  the  flaiiie  to  tnvel  for 
tAnc«  in  cootaH  with  tlie  boiler,  the  quantity  of  beat  i 
to  the  water  is  iitcrca^^-d. 

The  level  of  the  wntt^r  is  sliown  at  A  in  the  left-hand  fiifin.  ti 
relative  spaces  allotted  to  Uie  steam  tod  the  wnti-r  mn*  tint  ilnQ 
the  eam«;  but  mu^^t  always  be  so  regatet«d  that  the  klAn  ika 
arrive  in  the  cylinder  as  dry  as  possible,  that  la  to  say,  thai  ii  <tt 


d 


I  nut.  Ail  in  cne  cam  oi  ntruw  i 

the  fumaoe  iuatde  th«  boiler,  »o  ttiAt  it  Hh&ll  be  eom|^etely 
with  water  except  in  front     The  tl&uie  passes  from  the 
rhid)  i^  in  Uie  £ront  of  tJie  boiler,  into  one  or  two  large  tubes, 
s  cavity  near  the  back,  whence  it  returns  through  a 
'  smaller  tuben  travoreing  tJie  boiler,  and  tuutly  escBpvH  by 


of  Boilers:  Btfety-Vklvos. — NotwithNUuiJiog  ihw  tettto 
l«n  an  iiabj«ct4!<l  U'ftiiv  b«iiig  used,  it  too  often  liappeiu 
Ig  aitliar  to  oxoomive  pnmuro  or  to  weakening  of  the  boiler, 
rtroiu  exptosions  occur. 

of  preasure  U  guarded  again-it  by  gauges,  which  show  what 
Vure  is  at  any  moment,  and  by  safety-valvo«i,  which 
am    to  escape  whenever  the   presuire  excG«d8  n  certain 

R  kioda of  niaiwmotvr  or  {/reMUit-gauge  have  Iwvn  described 
idx.  That  whifJi  is  niottt  coiuuiouly  otnployed  iu  cunncctiou 
jn-boilom  in  Bourdoo'a  (§  22€). 

monutler,  tiiM-cially  protected  agaioirt  the  pressure  an<l  cr>n- 
ie  atoam,  Lt  alno  sometimes  employed,  under  the  name  of 
tafuntuUr,  on  the  principle  that  the  pressure  of  saturati-d 
penda  only  on  its  temperature. 

t'ety-raUt.  rt-preaent^-'d  in  ih'  upper  part  of  Fig.  3Sd,  oonsista 
:  of  cteLal,  liaving  tliu  forui  uitlier  of  a  truncateti  com.*  ur  of 
•in,  fitting  vi.>ry  truly  into  or  over  an  ojwning  in  the  boiler, 
down  by  a  wi-i;:Iitod  lever;  the  weight  and  tlte 
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Th«  following  are  the  meanH  employed  for  securing  Uib 

1.  Two  cocks  are  placed,  one  a  little  below  the  level  at  1 
water  should  Htand,  and  the  other  a  little  above  it;  these  m 
from  time  to  ttmo,  whon  water  should  weiiu  from  tlie  6nl,i 
from  the  secoud. 

2.  The  wattr-ffaugc  is  a  strong  vertical  gUm  tube,  bat 
fitted  into  two  ithort  tubes  of  metal,  proceeding  one  from  tl 
space  and  the  other  from  the  water-apace.  The  level  of  tb 
therefore  the  same  in  tlio  gauge  ae  in  the  boiler,  and  ia  o 
visible  to  the  attendant.  The  mvtal  tubee  are  furnished  w 
which  can  l>u  closed  If  the  glnsn  tube  ta  accidentAlly  brolctm 

SS6.  Causes  of  Explosion. — Another  cause  of  tho  cxpUiaiv 
tion  of  steam  is  the  incrustation  of  the  boiler  with  a  ban 
due  to  the  impurities  of  the  water  employed.  This  enut 
conductor,  and  allows  the  portion  of  the  boiler  covered  « 
become  overheated ;  when,  if  wat«r  should  find  ita  way  past  i 
nttrl  come  in  contact  with  the  hot  metal,  there  ia  great  d 
explosion. 

The  best  preventive  of  incrustation  is  the  employtoaol  el 
water  in  connection  with  Hurfaco  condensation  <g  &2d)i,  I 
of  this,  portions  of  the  water  in  tlte  boiler  must  be  UowB 
time  to  time,  so  as  to  prevent  it  from  beoomiag  too  bighlj 
trated.  This  is  e^iecially  nccetuwry  when  the  boiler  ia  fed ' 
water. 

Among  the  cauaeB  of  the  buiattng  of  boilen,  va  irav  al 
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I  uqnired  an  abnormally  high  temperature,  and  then  bontb) 

with  eiplceive  violence  (§  31)1,  Donny's  ei:pertiuent). 

I  <langer  is  to  be  apprehended  when  a  ix>il«r,  which  han  be«n 

^ed  to  cool  aft«r  l>ci[ig  for  some  time  in  use,  is  rLgtiin  brought 

i:tion  withoMt  tho  nddiliun  of  u  frusb  supply  of  uitt^^r. 

it  appears  lliat  tlic  most  frequent  cau^r  of  boiler  exploMonn  b 

•ating  away  of  some  portjoa  of  tb«  boiler  by  runt,  ro  a» 

idv  H  ai  taa(  too  weak  to  withstand  the  presaare  of  the  8tcani 

I  iL     Tho  only  gonenJ  remedy  for  this  dang«r  ia  periodical  and 

inspection. 

|7.  7aeilinff  of  the  Boiler:  Giffard'a  Iigector. — Tho  focding  of  the 
ia  usually  effected  by  means  of  a  pump  driven  by  tlie  engine 


Fit  m-OUuil  •!&]«)«£ 

I.  Of  late  yean  this  plan  has  been  largely  superseded  by 
Ird'a  inrvntioii  of  an  apparatus  by  means  of  which  the  boiler  is 
ttod  with  water  by  the  direct  action  of  ita  own  stvam. 
ia  vary  curious  ai^taratus  contains  a  corneal  tubv  ( { (Tig.  326), 
Uch  Uie  steAm  taauee  when  the  injector  ia  working;  Uie  stcun 
tlw  boiler  comua  through  tlie  tube  TV,  and  enters  the  tube  tt 
^  anall  boles  in  its  drcumfercnco.  Ou  issuing  from  t)iu  cone 
I  ataam  a&ten  another  cone  c  c,  where  it  mix-U  tliv  watur  which 
faed  tho  boiler,  and  which  oomes  through  tlie  tube  E  K    The 


thruugli  wliicl)  it  U  conductvd  to  tho  IwiU'rliythej^l 
wiit«r  will  not  enter  the  Itoiler  unle«s  it  po8»iwa  n  HufGrim 
to  produce  in  tlie  divergent  cone  a  greater  pnesure  tliAn  tli 
exiats  in  the  boiler;  when  this  is  the  case,  the  exeeas  of  pnM 
a  valve,  and  water  enters  the  boiler  from  tho  injecior. 

Wo  njttj-  complete  this  Wiof  dracription  by  point 
two  arrange  men  ts  by  which  t)ic  action  of  tlie  apponitiu 
It  is  UMC-ftil  to  ho  able  to  var>'  the  volume  of  steam 
the  cone  tt,  tm  required  liy  the  pressure  in  the  boiler; 
efTected  by  means  of  the  pointed  rod  a  a,  which  is  called 
and  is  screwed  forwards  or  backwards  by  turning  a  hand] 
also  necessary  to  be  able  to  regulate  the  vohimc  of  water  wWi 
the  cone  e  e  from  the  supply-pipe  E;  this  is  done  by  meanafl 
wbtcli  is  not  shown  in  llio  figure,  and  which  mora  tlM  I 
cone  1 1  forwards  or  hackwurKts. 

The  tube  K  dijw  into  a  Lath  containing  the  feed-water; 
iM  the  overflow  pipe. 

It  appears  at  first  sight  paradoxical  that  steam  should  U 
in  Oifl'ard's  injector,  to  overcome  its  own  pressure,  nod  fat 
into  the  boiler  against  itself;  but  it  must  b«  rcmemWnd 
water  which  is  forced  in  is  leas  bulky  than  tho  atcast 
so  that  the  exchangt!,  ttiough  it  produces  an  inc 
contents  of  the  boiler,  involves  a  <Iimtnution  of 
tt  fall  of  temi>erature. 

538.  Iiooomotivfl:  Hiatoiy. — The  following  sketch  of  ' 


Dc««,  Blackett  and  Hedley,  in  1813,  niade  the  iiiipurtant  dii^ 
hftt  no  sucli  Bid.4  arc  rec|itii>.-d,  the  adliCsioD  Iwtwcon  smooth 
rad  amooth  nils  bciog  sufficient  To  ittbipt  Ui«  locomotit'e- 
0  the  grrat  >nd  widfly-vnricd  speeds  at  which  it  now  haa  to 
nd  the  vftrifil  \<MtU  wliich  it  now  han  to  ilmw,  two  iliingn 
Dtis3 — tli&t  the  rate  of  comWuNtion  of  tlie  fuel,  the  original 
tb«  power  of  the  engine,  ahall  adjust  itself  to  the  work  which 
haa  to  perform,  and  shall,  when  re<juired.  be  capahlti  of 
to  many  titnes  the  rate  at  which  fuel  is  burned  iti 
of  a  KtAtioiiary  engine  of  the  same  size;  and  cliat  the 
igh  whteli  hi-at  is  oontuiunicatcd  from  Uic  iKtming  fuel 
ffhall  be  very  large  oontpared  with  the  Uilk  of  the 
9  finil  of  thv-HV  objeets  is  attaitiMl  by  the  hlugl-jiipe,  in- 
dsed  by  <;eor(;e  Stephenson  Wfore  1825;  the  second  by 
lar  boiler,  invi-ntvd  about  18S9,  simultaneoualy  by  S^fguin 
and  Booth  in  England,  and  by  the  latter  suggCfited  to 
On  tlio  6th  October,  1839,  oocumxl  that  famous  trial 
'••aogiuiw,  when  tlie  prize  olTered  by  the  dir^tom  of  the 
sod  Maocltester  Kailway  was  gained  by  Stephenson's 
'  Rocket,'  tlie  parent  of  the  swift  and  powerful  locomo- 
the  pnseut  day,  to  which  the  blast-pipe  and  tubular  boiler 
ined.  Since  that  time  tliv  locomotiw-vngine  has  l«en  varied 
<v«d  in  various  details,  and  by  various  engineerv.  It«  wetj^ht 
iges  from  Sve  tons  to  fifty  tons;  it»  toad  from  fifty  to  tiv« 
tons;  iU  speed  from  (on  inileti  to  sixty  uiilm  an  hour." 
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firmly  rivett«d  to  the  ends  of  the  boiler;  nad  the  producto  of  ooinln» 
tton  escape  by  traversing  thoao  from  end  to  end.  The  hibtH  an  nnj 
numerous,  usually  from  loO  to  180.  thuH  atronlini;  a  v«ry  Urge  heat- 
ing surface.   Th«  water  In  the  boiler  Ktuiib  high  ouough  to  amr  ail 


.    if^'l-T"'!    -    ■      '- J'"'^^.'^'r."V,'^'       ■'^  '■ 


nc  W.— 6ectlaa  c(  L«c«ao*>«k 


the  tobes,  as  well  aa  the  top  of  the  fire-box.  Its  level  is  bdkdidB 
the  same  vay  as  in  statioDary  engiaee;  and  water  is  pumped  ta  ft* 
the  tender  as  required;  iba  amount  being  rf^ulated  by  tami»<t^ 
stop-cock  in  tho  pipe  e'. 

The  steam  CJjcapes  from  the  boilvr  by  ascending  into  a  dasuL  «U^ 
forma  its  highefit  part,  and  thence  descending  the  tul»  p^  Ihi*  ir 
rangement  being  adopUd  in  order  to  free  the  st«ain  bom  drofil' 
w^r.    It  then  passes  through  a  reg%Uator  q,  whidi  caa  be  o(M 
to  a  greater  or  Ivm  extent,  into  the  pipe  »,  which  leads  lo  (b*  ntw'  | 
eheete  and  traverses  the  whole  length  of  th(>  IwiliT     Then  an  M ' 
{flinders,  one  on  each  side  of  the  engine,  each  having  a  vtln^ri ' 
and  slide-valve,  by  means  of  which  steam  is  admitted  alliiiiwWlj 
before  and  behind  the  pistons.   The  steam  escapes  from  tba  (jlta^  1 
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t]t«  blut-pipe  V,  up  the  chimnoy,  and  thuH  increases  the 
if  Um  fire  a  is  ono  of  thv  pLitODs,  b  ttiv  pUton-roJ,  eo'  th« 
g-rod,  wliidi  i»  jointed  to  the  crank  d  oii  tlie  axle  of  the 
rlwel  m.  The  cranka  of  the  two  driving-wheeln.  one  on  each 
e  engine,  are  set  at  right  angles  to  each  other,  so  tliatv  whon 
t  dead  point,  the  other  is  in  tho  most  advantajj;«oiui  poeution. 
ling  wfi-ty-vttlvc,  and  J  the  atcun  irhistle. 
pptratu  fbr  Bevenisg:  Link-motion. — Tho  method  ufrually 
tor  reversing  eiigloes   ia  known   aa  Stephenson's  Link- 


ll»i 


K&iQr  tweo  fiist  employed  in  looomotiTes  constructed  hj 
{tepbeoNO,  son  of  the  maker  of  tho  "  RockoL"  The  mdrit 
nventioD  belongs  to  one  or  both  of  two  workmen  in  hia 
-WiUiatuN,  a  dnitghtaman,  who  first  rienigned  it,  and  Howe, 
B-BuUcer.  who,  being  employed  by  Willi&nis  to  construct  a 

his  invention,  introduced  some  important  improvements, 
ok -motion,  wliich  Is  raprawated  in  Fig.  328,  serves  two  pur< 
rat,  to  make  the  engliw  tmvvl  forwarda  or  backwards  at 
;  and,  Moondly,  to  regulate  tlie  amount  of  cxpanuon  which 
li'  placi]  in  the  cylinder.    Two  oppositely  placed  eccentrica, 

.  Itave  thrir  eotinvcting-rvds  jointed  to  tlie  two  extremitiea 
ink  B  B*,  which  is  a  curved  bar,  hax-ing  a  slit,  of  uniform 


accordingly,  which  can  only  move  in  a  stnj^Iit  UDe,ob(if 
trie  A  ftlniosb  cxclunivcly.  Wh«n  the  link  is  raiifcd  u  m 
tiible,  Uk-  slide-valve  obeys  the  other  Mwentiic  A',  nod  I 
reverses  the  engiiie.  Wlien  the  link  is  exactly  midway  I 
two  extreme  positions,  the  alide-valve  is  iolluenced  by 
teiCB  equally,  and  coDsequi^iitly  reuiaiiM  noiirly  otAtMH 
middle  position,  so  that  no  steam  is  admitlod  to  tlie  ej 
the  engine  stop^.  By  keeping  the  link  near  the  tnidd 
steam  is  admitud  during  only  a  small  part  of  the  alrok 
sequently  undergoes  large  expansion.  By  moving  it  oe 
of  it«  extreme  positions,  the  travel  of  the  Blidc-valvc  i«  in 
ports  are  opened  wider  and  kept  open  longer,  and 
occordintjly  be  driven  faster,  but  witli  less  expamitoa 
As  a  meanaof  regulating  expansion,  the  Unk-niuiion 
feet,  but  ita  general  advanti^M  ai«  nudi  that  it  lias 
extensive  use,  not  only  for  locomotives  but  for  all  «i)|| 
need  reversal.  ^ 

Ml.  Oas-cnginea — This  name  includes  engines  io4| 
obtained  by  tho  expansion  of  a  mixture  of  coal-gas  tut  j 
tion  or  explosion. 

In  tlie  engine  of  Otto  and  Uuigcn  (Rg.  329)' 
mixture  is  introduced  beneath  the  piston,  and  ia  explod* 
of  a  lighted  jet^  which  U  hrought  into  contact  with  the  I 
meana  of  a  hole  in  a  movahle  plate  of  metal,  driven 
The  npwai^  movement  of  tho  piston  thuif  produced  i 


I 
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wiUi  it  when  it  turns  in  Uie  opposite  direction  during  the  daieaA  i 
the  piston,  this  descoiit  b«ing  produced  by  Uio  procure  of  the  vtat 
Hphorc,  as  the  HtCAm  rccsulticg  from  the  expliKtion  coodeiwes,  and  tk 
unexploded  gases  cool.  The  veestel  shown  on  the  right  contAim  eol 
water,  which  is  employed  to  cool  the  ^linder  by  circulatiag  nmri 
tJie  lower  part  o£  it. 

This  engine,  which  works  with  diucli  jarring  and  noise,  hia  bmn 
almost  completely  Hupersudud  by  the  "Otto  Silent  Qtm  Eifiml 
which  runa  as  stnooUily  its  il  irtcAin-engine.  ' 

543.  Otto's  SilODt  Oas-eagine. — A  dilute  mixture  of  gw  ud  air 
(about  one  part  in  twelve  being  g&s)  is  atlmitted  into  the  eyUaiKi 
and,  after  being  compressed  to  about  three  atmoapbereBt : 


nc  iML-ou«^niato»«Mte 

by  iustantAncous  com mti nidation  with  a  sntall  jet  of  jpta  kept  eon 
statitly  burning.  The  effect  in  sometliing  intrmteilnUe 
ignition  and  explosion;  the  maximum  pressure  in  the  early  put  of  II 
stroke  being  10  or  12  atmespberes,  and  the  mean  premiT*  ia  d 
whole  stroke  4  or  5.  In  the  return  stroke,  the  products  of 
tioa  escape  at  atmospheric  pressure,  tbt«  reiuni  stroke  being 
by  Uic  momentum  of  the  Hy-whccl,  which  nbio  carrim  the  pirti 
through  another  forward  Htrokc  during  whi<-li  thi>  i-h&rge  of  gisai 
air  19  adntitted.  anil  through  another  backward  stnJce  in  which  tl 
oompreesed  previous  to  ignition  aa  above  described. 

This  is  the  ordinary  cycle  of  oporatiuns  when  tfa«  engine  is 
up  to  the  full  power  fur  which  it  is  intended;  bat 
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ia  proTtded  which  prevents  tlie  gtu  from  being  luimitled 
than  is  necessary  for  keeping  up  the  standard  number  of 
revolutions  per  minute;  ao  that  in  working  far  below  its  full  power 
tlMt  gas  u  only  adiiittu^l  at  ovory  tliird,  fourth,  or  fifth  strokt;,  Uie 
interveaiag  ittrokct  being  uuiiutuiuoU  by  the  fly-whurl.  Tliv  governor 
can  be  regulated  to  gire  any  npecd  required,  tlie  ituut  usual  being 
170  rt9Vt>tationa  per  minute;  and  the  dillerence  of  si>e«d  between  full 
work  and  running  idle  is  only  one  or  two  revolutions. 

The  general  appeaiaooe  of  the  engine  is  shown  in  Fig.  3S0.    A  is 
cylinder,  with  a  jacket  round  it  through  which  a  convoctive 
I  of  water  ii  iiiaintaini.-d  by  mearus  of  two  pipes,  not  shown 
tbe  flgore,  oonoecting  it  with  a  tank  at  a  higher  level.    TbLt  is 
to  prevent  overheating.     C  is  tlie  centrifugal  governor. 
D  are  two  veaseb  containing   oil    with   automatic   lulmcat<HB. 
lubricatoB  the  piston,  and  D  the  slide  which  controls  the  ignition 
the  ebargo.     K  is  a  chtinney,  in  tli«  lower  part  of  which  tbe  gas 
k  kipb  burning.     F  ift  a  i^iriiig  fostAmng,  which  keeps  tbe  slide 
'  pnssed  bonw )»  as  to  prevent  leakage.  The  eouneciing-rod, 
crmnk,  aix]  heavy  fly-wlieel  «pcak  for  thvmselvejt. 

Qas-onginee  have  a  great  advantage  in  being  oonstAntly  ready  for 
ritbuut  the  tedious  proccea  of  getting  up  steam.  They  are 
by  Lighting  the  gas  jot  and  giving  one  turn  to  the  fly-wbeeJ 
band;  and  are  stopped  by  turning  out  the  jot  The  usual  sizes 
from  (  to  20  honto-powor.  Tlity  are  easily  kept  in  order,  the 
prtDcipal  trouble  eonststing  in  the  removal  of  a  hard  dejKuiit  of  carbon 
which  forms  in  etrteui  pUcee. 
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649.  TemperBtnre  of  the  Air.  —  By  ih«  UmperutHre  ef 
meteorologixta  oommoiily  undemtand  the  t«mp0ratim  of  t 
a  moderate  distance  (H  or  10  feet)  from  ttie  ground.  Thia  I 
easily  determined  when  there  is  much  wind;  but  in  calm 
and  especially  when  the  sun  is  shining  powerfully,  it  is  ol 
cult  to  avoid  the  disturbiii;^  ufTi-ct  of  ndiatioo.  ThermoO 
olxti^Tvin)^  the  temjwraturi!  uf  tli«  air  iniut  bo  Hhdtend  i 
and  Hunahine,  but  exposed  to  a  free  drcutatJon  of  air.      ■ 

S44.  Mean  Temporatura  of  a  Place. — The  vuan  lemp^ 


dity  is  obtained  by  making  numerous  observations  at  eqoal 
of  time  throughout  the  day  (24  hours),  and  dividing  thaw 
olwerved  leiiipuratuiT  ■■  by  Ihctr  number.  The  accuracy  of  I 
iiiinatiou  is  increaned  by  increatung  the  number  of  obMm 
tlic  mean  tem[>erature,  projierly  speaking,  is  tlio  tnoan  of  a 
nunilier  of  temperatures  observed  at  inlinitely  ahort  inton 

If  the  curve  of  t*niperatur6  for  the  day  is  given,  tem[ 
represented  by  height  of  the  curve  above  a  horizontal  I 
tho  tnean  temperature  is  Uui  ti<;tgtit  of  a  tiorizoBtal  linu 
and  takes  e<^uaJ  areas;  or  is  the  height  of  the  middla  poll 
straight  line  (terminated  by  the  extreme  ordinat«a  of  tl 
which  giviM  and  takes  equal  areas. 

Attempts  havo  bccD  '"-''"  *"  'tT  llnffll  nilffl  flT  AM 


»p«a| 


en  has,  however,  the  great  advantage  of  avoiding  errors 
m  want  of  punctualitj*  in  the  ohsorver.  The  correction 
I  be  added  or  subtracted  in  order  to  obtain  the  true  mean 
tcan  of  two  obdervations  is  called  a  corivcti4m  for  diurnal 
anioinit  diflern  for  dilfcrcnt  plaooa,  being  luuaUy  greatest 

tumal  range  itAolf  (§  S14)  is  great«fit. 
hmperature  of  a  calendar  month  is  computed  by  adding 
tenqmratores  of  the  daya  which  compose  it,  and  dividing 
tmber. 

HI  Umpm-atwe  of  a  year  it  usually  computed  by  adding 
bperatures  of  the  calendar  months,  and  dividing  by  12; 
Ems  is  not  quite  accurate,  inasmudi  as  the  calendar  montlis 
[nal  Uogth.  A  morv  accurate  result  b  obtaiocd  by  adding 
cuip«ratures  of  all  the  days  in  the  year,  and  diWding  by 
leap-year  by  306). 

tkanaals. — The  distribution  of  temperature  over  a  large 
b  dearly  represented  by  drawing  upon  the  map  of  thiD 
ms  of  itotkermal  Una;  that  is,  linca  characterised  by  the 
tat  all  ptooM  on  the  attmf  line  have  Ote  aamt  Umperatrkrt, 
always  understood  to  refer  to  mean  annual  temper- 
contrary  is  stated;  but  botherni&U  for  particular 
Jly  January  and  July,  are  frequently  traced.  on« 
liow  the  distribution  of  temperature  in  winter,  an<l  the 
Binier.  The  first  extensive  scries  of  isothcrmals  was  drawn 
I  of  A  large  number  of  observat 
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anoual  temperature  aa  places  in  Asia  or  Aniaricft  Ij'ing  from 
SO*  further  south. 

546.  Insular  and  OontinenUd  Climates. — We  hjive  wco  thtt  ll 
specific  heat  of  w&ter.  Die  latent  heat  of  liquid  water,  and  tli*  htm 
Iwat  of  squeous  vapour  are  alt  very  large.  The  preaeoce  of  mli 
Moordingly  exort«  a  powerful  ctt'i:-ct  to  moderating  the  «xtm 
both  of  heat  and  cold,  and  a  moist  climat«  will  io  genual  hat* 
junaller  range  of  tompcnkturo  than  a  dr^-  cliinato.  Moreover,  iJB 
earth  and  roelc  are  opaquo  to  radiant  heat,  wliilu  wat«r  b  to  a  «i 
siderable  extent  diathermanou.'i,  the  surface  of  Uie  ground  is  nw 
more  quickly  heated  and  cooled  hy  radiation  than  the  surfMt 
water.  This  difference  is  increased  by  the  continual  agitstim 
the  surface  of  the  ocean.  Large  bodies  of  water  thus  act  a*  «qBi 
izors  of  temperature,  and  the  most  equable  climates  aie  timad  i 
oceanic  islanda  or  on  the  ocean  itoelf ;  while  the  greateel  diftnai 
between  sommer  and  winter  ia  found  in  the  interior  of  Isrg*  m 
Uneuts.  It  is  common  to  diKtlnguLsh  in  tliJs  aeoM  betwfta  mIL 
nental  climates  on  the  one  hand,  and  intntlar  or  martfw  ditoato'. 
the  other. 

Some  examples  of  both  kinds  are  given  in  the  foUowiag  tik 
The  temperaturtM  are  Ccnti^^ade: — 


Fkroe  Itlanda.  .  .  ,  . 
Ills  of  Utut  (Shetluid). 
ItU  of  Mm,      .    .    .    , 

Ptmuwg^ 

B/tlatm, 


UAKixa  Clout 
WM«c. 


»•«>  ir-flO 

I  •«  n  -M 

S-M  t»iM 

7-0*  IS-W 

«-]9  KI-00 


8t  Pctcnbnr^ 
Uoaoaw,  .    .    . 


IrkiiMk.  . 
Jaiuuuik, 


-  r-To  li-^n 

,  -10  ■«  n-M 

-13 -tS  17  « 

-iflrt  ......  i«'oe 

-17-88  1«-00 

.    -98 -M  17 -m 


S47.  Temperature  of  the  Soil  at  Dlfftreat  Dcptha — By  • 
tbeniioiueter!)  with  their  bulba  buried  in  the  oarth,  and  thflirl 
pvojecting  above,  numerous  observations  have  been  tnadt  of  < 
perature  from  day  to  day  at  different  depths  from  1  inch  to2ar1 
and  at  a  few  places  observations  of  the  same  kind  hava  btaa  ■■ 
t^  means  of  gigantic  spirit-thermometen  with  exoMidinglj  illi 
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at  depths  extending  to  about  iH  fe«t  It  is  found  that  varia- 
lepeadin^  on  the  bour  of  the  day  are  scai-cely  aensible  at  the 
of  S  or  d  focL,  and  that  thoso  wbich  dupond  on  tliu  tiinu  of 
ecmce  gnulually  os  thv  depth  incnrascs,  but  Glill  remain  wm- 
I  the  depth  ol  S5  fMt,  the  range  of  temperature  during  a  year 
depth  being  usually  about  S*  or  3*  Fahi'enbeit. 

I  also  found  that,  a^  we  descend  from  the  surface,  the  seasons 
ore  and  more  behind  thoso  at  the  surface,  the  retardation 
iting  usually  to  somethlD^;  l<uw  than  a  wwk  for  cadi  foot 
Bcot;  »o  thai,  at  the  dcjith  of  25  fwl  in  these  latitudes,  the 

temperature  occuts  about  June,  and    the    hi^'hest    about 
ibor. 

my  indicatas  that  1  foot  of  descent  should  have  about  the  same 
m  dinnuU  variations  us  ^365  tJtat  is  19  ii-ni  on  anniwl  varia- 
undf  r«Landing  by  aamniMS  t>/  effect  equal  o^iso/iUo  anxwnfi  ol 
;  and  ciiual  rtUio*  of  diminution. 

be  annual  range  at  the  surface  in  Qreat  Britain  i«  usually  about 
IS  gnutor  tlian  the  diurnal  range,  it  followa  that  the  diurnal 
U  the  depth  of  a  foot  should  be  about  one-third  of  the  annual 
tt  the  depth  of  lU  feet. 

variations  of  temperature  at  the  surface  are,  aa  every  one 
,  of  a  very  irregular  kind;  so  tliat  the  curve  of  surface  U'ln- 
re  for  any  particular  year  \n  full  of  sinuosities  de]K-r)ding  oa 
wleDto  of  tliat  year.  The  dvvpcr  we  go,  the  more  regular  doea 
rve  become,  and  the  tnnre  m-nrly  Attn  it  approach  to  the  cliai^ 

MtoIo  curve  of  sines,  whose  equation  can  be  written 
jr  the  departures  of  the  curve  from  tlii-t  simple  cliaracter, 
indicates  that,  if  the  soil  be  unifonn,  and  the  surface  plane, 
ana]  ran^e  (which  is  equal  to  2  a)  goes  on  diminishing  in  geo- 

II  progrcsaion  as  the  depth  increasee  in  arithmetical;  and 
itioD  ahows  that,  if  10  feet  be  the  eomnion  difTervnoo  of  depth, 
io  of  decroaiie  for  range  is  usually  about  )  or  }. 

Ind  a  range  of  a  tenth  of  a  degree  Fahrenheit,  we  must  go  to 
1  of  from  50  to  80  fc«t  in  this  climate.  At  a  station  wheru 
rface  range  is  double  what  it  is  in  Great  Britain,  wo  should 
range  of  alx>at  twc^tenths  of  a  degree  at  a  depth  and  in  a  soil 
irould  here  give  one-tenth. 

■  mnarlu  show  that  the  phrase  "  stratum  of  invariable  tem- 
wliicb  is  frequently  emp)<^ed    to  denote  the  supposed 


Mont  G^ia  tunnel,  t^^^^erature  of  tlie  deepest  j 
fi280  feet  of  rock  overhead,  was  found  to  be  about  85'  F. 

The  rat«  of  increase  downwards  is  by  no  means  the  sai 
whvre;  but  it  Is  seldom  so  ra[>id  lu  1°  F.  in  40  feet,  or  so  slo 
in  100  feet.  The  observationa  at  Itose  Bridge  show  a  met 
increase  of  about  1°  in  55  feet;  and  thia  is  about  the  aven 
reaulto  obtained  at  other  places. 

This  state  of  things  implies  a  continual  escape  of  heat 
inti-rior  of  the  earlL  by  conduction,  and  the  amount  of  thi 
HJinum  can  be  approximately  calculated  from  the  absolute 
conductivity  of  rock  which  we  have  given  id  Chapt  xxxr. 

There  can  l>e  no  rt^iuunnblo  doubt  that  the  docreaae  ttf  tM 
upwanis  exteud.s  to  the  very  surface,  when  wo  oooftne  ow, 
to  mean  annual  temperatures,  for  all  the  heat  that  ia  em 
through  a  atratum  at  any  given  depth  most  also  travMi 
fltrata  above  it.  and  heat  can  only  bo  conducted  from  a  wa 
colder  stratum.  Professor  Forhea  found,  at  hia  Uuvo  stit 
Edinbur^'h,  increases  of  t*-38, 0*-96,  and  0*-]  9  F.  In  moan  tan 
in  descending  through  about  22  feet,  tliat  ia.  from  the  depi 
tlte  depth  of  t^  Frendi  feet.  The  mean  annual  teoipemtn 
flui-face  of  the  ground  is  in  Great  Britain  a  little  superior 
tile  air  above  it,  so  far  as  preisoDt  obeen'ationa  show, 
appcant  to  average  about  l'  F. 

549.  Decrease  of  Tsmperaturo  Upwards  la  the  Air. — In  i 
tlte  mvai)  temi>eraturc9  of  olaotM  In  the  earn*  naiffhUniilMt 
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la  nte.  Mr.  QUUher's  observations,  which  are  the  moat 
t»  u  wvU  as  the  most  recent,  show  that,  upon  the  whole,  the 

booocDCi  l«n  npid  as  we  ascend  higher;  also,  that  it  is  less 
ith  a  clouJv  Uiaii  with  a  clear  sky.     The  foUowiog  table 

a  few  of  Itr.  Ulaiahcr's  avcrogoi: — 

IMcNM*  et  TnnparaUn  rpmnU 
■•■thi'  WHhalMTiay.  Witb  obnuly  i^. 

K  0 1<>  1000  fMi,   .  .  .  1*  r.  ia  i»  tM*.  vr.ih  m  r««t. 

«  0  to  10,000  (L     .    .    .    1*  p.  bi  S8S  f^oL  r  p.  In  331  ffA 

«0lo90,0D0rb     .    .    .    I'F.laMifMt.  ITialMfMi 

itas  tnay  be  takeo  as  ropresenting  the  general  law  of  decrease 
ravails  in  the  air  over  OrcAt  Britain  in  the  daytime  during 
Bsar  half  of  the  year;  but  the  results  obtained  on  ditlerent 
far  widely,  and  alternations  of  increase  and  decrease  are  by 
■  tmoommon  in  paming  upwards  thixHigh  successive  strata 
Still  oioro  recent  observations  by  Mr.  Qlaishvr,  relating 
o  the  first  1000  fe«t  of  air,  ahow  that  tlie  taw  varies  with  tlic 
the  day.  The  decrease  upwards  is  most  rapid  soon  after 
and  is  at  this  time,  and  during  daytime  generally,  more 
the  height  is  less.  About  suni^t  there  is  a  uniform  deo-eaae 
dghta  if  tlie  sky  is  clouded,  and  a  uniform  temperature  if  the 
iear.  From  a  few  observations  which  tmvv  bcun  taken  after 
t  appean  thai,  with  a  cl«ar  aky,  tJiere  ts  an  incrtoM  upwards 

an  extranaly  low  tomi^nture  exists  in  tJie  inteq)]aiii'tary 
nay  be  infemxl  from  the  experimental  fact  rucorded  by  Sir 
iTBchel,  that  a  tliermometer  with  its  bulb  in  the  focus  of  a 
of  BuffidcDt  size  and  curratore  to  screen  it  from  lateral 
0.  falls  lower  when  the  axis  of  the  reflector  is  diroctcol  upwards 
r  sky  than  when  it  is<lirvct«deit)»er  toacloudortotWuiow- 
imitaof  theAlps.  TheatmospbetWMrrceasaprotectJonagaiast 
a  to  these  cold  spaces,  and  it  is  not  suipriaing  that,  as  we  in- 
Br  eteratioa,  and  thos  dlminiah  the  thioknees  of  tlie  coating 
ova  OB,  the  protection  should  be  found  less  compluU;.  But  pro- 
It  principal  cause  of  the  diminution  of  tcmpemturc  u]iu'ani.s 
o&ig  of  air  by  expansion,  which  wr  linve  di.'*ctL'<.Hi>d  in  §  .''02. 
3aBS«a  Df  Winda — The  intluenc«i  whidi  modify  the  direction 
iMUty  of  winds  are  so  various  and  complicated  that  anything 
nnplete  account  of  them  can  only  6nd  a  place  iti  tn-atie«ii 
'devoted  to  that  subject.    There  is,  however,  one  fumlumental 


tures,  a  cttrrent  of  air  fiows  fivm  the  warmer  to  tt<  cdi 
upper  strata  of  the  atmotphere;  and  in  (A«  tower  atmta 
flcm  from  the  colder  to  the  imrmer.  The  reoaoo  is  tbfti 
of  pressure  willi  liciglit  is  grcutor  in  tlie  coM  tliati  in  tba  I 
80  that  il'  th«re  be  one  tev«l  at  wliivh  tho  prewuio  u  111 
both,  the  pressure  in  the  cold  region  will  pnpondeeate  at 
Utat  in  the  hot  region  at  higher  leveln.  We  proceed  to  aj^l] 
ciple  to  thu  land  and  sm  breezes,  the  monBOtMis,  uu)  the  tn 

S51.  li&ud  aad  Sea  BrecsM. — At  the  aea^do  during  cab 
a  wind  IS  generally  observed  to  spring  up  at  about  eight 
the  morning,  blowing  from  the  scft,  and  increa&iiig  in  force t 
two  or  three  in  the  afternoon.  It  then  begins  gradually  to 
and  sliortly  before  sunset  disappears  altogetJier.  A  few  bi 
wards,  a  wind  springs  up  in  the  opposito  direction,  amJ 
nearly  sunrise.  Tlicsc  winds,  which  are  calk-d  tho  tsea-1: 
land-breeze,  aru  exceedingly  regular  in  tlieir  oceurreiioo.  tb 
may  somettmea  be  masked  by  other  winds  blowing  ol  tbs  I 
Tlieir  origin  is  voiy  easily  explained.  l>uriag  the  day  the  1 
warmer  than  the  water;  hence  there  resulta  a  wind  blowiu 
the  wanner  region,  that  is,  towards  the  land.  During  the 
land  and  sea  both  grow  colder,  but  the  fomuir  mora  n.% 
latter ;  and,  accordingly,  the  relative  temperatures  of  I 
being  now  reversed,  a  breeze  blowing  from  the  land 
is  the  consequence. 

Monaoone. — The  same  cause  which,  on  a  small  scale,  pp 

^ttiFVtal  BlfcAVWAf.mrm  At   land  av«rt  in*   nvUAtfOA    BwvwImtAAa  An  ^4l 
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ETwtMs  which  blow  con-stantly  from  ft  llorth-e«t«rIj  quuier 
BODu  of  the  northem  hemisphere  extending  from  a  little  north 
tVQpic  of  Cancer  to  wtUiin  9  or  10  degrees  of  the  equator;  and 
Bouth-vastcrly  quarter  over  s  zone  of  the  Boutbern  hemif^phere 
liog  from  about  tliu  tropic  of  Capricorn  to  the  equator.  Theii 
Tai7  RligbUy  acoorduig  to  tliu  tJiiio  of  year,  changing  in  th« 
Urectiuu  aa  tiie  sun's  declination.  Betwtwn  them  i»  a  zon« 
\'  or  6'  wide,  over  which  calmn  and  variable  windA  pnsvail. 
Sttse  of  the  trade-winds  was  tirat  correctly  indicated  by 
f,  llie  greater  power  of  the  aun  over  the  equatorial  regions 
ft  eootinual  ascent  of  heated  air  from  them,  lliis  flows  over 
b  sUw  io  the  upper  regions  of  Uie  atmosphere,  and  its  place  is 
k1  by  colder  air  flowing  in  frum  boUi  aidut  below.  If  the 
»9V9  At  rest,  we  Hbould  Uiux  liave  a  north  wind  sweeping  over 
ib'a  ntrfaoe  on  the  northern  side  of  the  equatorial  regiona,  and 
b  wind  on  the  southern  side.  But,  in  %-irtue  of  the  earth's 
n,  all  points  on  the  earth's  surface  are  mo\-tng  from  west  to 
'ith  vulocities  proportional  to  their  distances  from  the  earth's 
This  velocity  is  notliing  at  tlie  polM,  and  increases  la  approach- 
I  aqtwtor.  H«[nc«,  if  a  body  on  the  eaiili'a  surface,  and  origi- 
A  rert  relatively  to  t)iQ  eartli,  be  urged  by  a  force  acting  along 
dtan,  it  will  not  move  along  a  meridian,  but  will  outrun  the 
or  fall  behind  it,  according  as  itA  original  rotational  velocity 
«at«r  or  Itm  limn  tbo»e  of  the  plaOQl  to  which  it  culm's.  That 
jr^lt  will  have  a  relative  motion  from  tlte  weit  if  it  l>c  approach* 
k  pola.  and  from  the  east  if  it  b«  approaching  Uie  equator. 
I  would  be  true,  even  if  tlte  body  merely  t«nded  to  keep  its 
kl  rotational  velocity  unchanged,  and  the  reasoning  becomes 
loro  forcible  when  we  apply  the  principle  of  conservation  of 
r  mom«'ntuin,  in  viKuu  of  which  the  body  tends  to  increase* 
ulat*  rotational  velocity  in  ajiproiicliing  the  pole,  and  to  dim- 
b  In  aj^iroachiflg  the  equator. 

I  tha  correnta  of  air  wliicli  flow  in  from  both  sides  to  the 
rial  regions,  do  not  blow  from  due  north  and  due  south,  but 
orth-eaat  and  south-eaAt.  There  can  be  little  doubt  that,  not- 
uuUng  tha  variaUe  character  of  the  win<la  in  the  temperate  and 
BODoa,  theni  la,  upon  the  whole,  a  continual  interchangtt  of  air 
n  tlmu  and  tlie  intertropical  ix'gions,  brought  about  b}-  tlio 
Mat  excess  of  temi>vraturc  of  the  tatter.   Sudi  an  i»t<.'rcliange, 

'  It  br  wiwrily  tt  n/tj  ibvcndy  m  4Immim  ti«ni  ibc  kii>  of  iMalkn. 
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when  considered  in  conjunction  niUi  the  ditt'erence  io  ifaa 
velocities  of  these  regions,  implies  that  the  mam  of  ai 
equatorial  zone  !iome  50'  or  60°  widu,  must,  upon  the  wlw 
motion  from  the  cost  as  compared  with  tlio  earth  benaa 
thiit  tliv  xtuuK  of  lur  over  nil  th«  rest  of  tlic  e<Lr1h  must,  ujmo  i 
have  a  rolativv  inot4on  from  the  west  ThtH  theorvblval  OOB 
corroborated  hy  the  distribution  of  barometric  preasara.  H 
eter  stands  highest  at  the  two  parallels  which,  according 
Uioorj-,  form  the  boundaries  between  eart«rly  a»d  weft«r 
wl)il<!  at  the  vquabor  and  poles  it  stands  low.  This  diUni 
be  accounted  for  hy  Uicexoossof  centrifugal  force  powa—pd 
winds,  and  tlie  defect  of  centrifugal  force  in  emtt  winda.  I 
simply  turned  with  the  earili,  centrifugal  force  eomUl 
gravity  would  not  tend  to  produce  accumulation  of  air  i 
partioular  zone,  the  ellipUcity  of  the  earth  being  predwly 
to  an  equable  distribution.  But  if  a  body  of  air  or  otliM 
niuvinf;  with  sensibly  difteront  rotational  velod^  fron  U 
the  dilfi'^n.-nctf  in  cunlnfu;;a1  force  will  give  a  umitoiy 
towards  tlit-  cqualor,  or  from  it,  according  as  ihir  dif 
is  from  the  west  or  from  tlte  ea.it.  11m  eaHtexly 
oqua^)riAl  z*>ne  should  therefore  tenil  l«  remove  air  l 
and  lirap  it  up  at  tlie  limiting  parallels;  and  tlio  wi 
over  Ulo  remainder  of  Uie  earth  ahouM  t«nd  to  draw  air  i 
the  poles  and  heap  it  up  at  the  same  liniilint;  panilleU. 
tioal  oonsequeQCe  exactly  agrees  with  the  fnlKiwin^  tab 
barometric  heights  in  diflcrcnt  xonea  given  by  }tlaiir7:* 
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80' uu* ao^io 
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nw«y  from  the  od^,  and  heaped  tip  in  the  middle,  thua 
g  ui  titilrmught  of  wnbu'  along  the  bottom  towards  th«  region 
L«roiii<-t«r  in  tho  centre.  It  n  probable  tliut,  from  a  Hiiiiilcr 
a  central  deprrrcijun  duo  to  cenlrifutral  force),  thi-re  is  an 
;ht  of  air  along  the  utrth's  surface  towards  the  poloii,  under- 
be  prim&ry  circulation  which  our  theory  supposes ;  thediminu- 
velocitjr  by  friction  against  tlie  earth,  rundering  the  low«'st 
of  the  air  obedient  to  this  indmiiglit,  which  Uus  tippc-r  strata 
lilrd  to  redst  by  the  oentrifugnl  force  of  their  utoTV  rapid 
This,  acconling  to  Professor  James  Thomson,*  is  the  «x- 
of  the  prevalence  of  south-west  winds  in  the  north  tern- 
their  southeily  component  being  due  to  the  barom<-trie 
t  and  their  westerly  component  to  difTerential  velocity  of 
Tho  indraught  which  alaoexiste  from  the  limiting  parallels 
on  of  low  liarometer  at  the  equator,  coincidos  with  tJie 
to  dittV-rciioe  of  temperature;  and  tlm  coincidence  may 
rcMOn  of  (ho  constancy  of  the  trade-winds. 

of   Cyclones- —  In  the  northern  hemiiphtire  a  wind 
lid  blow  towards  the  north  if  the  earth  were  at  r«it,  tlocs 
blow  towards  the  north-i-ast;  and  a  wind  which  would  blow 
south  blows  towards  the  south-wcst.    In  both  cases,  tlie 
ion  introduooa  a  component  towards  the  right  with 
a  peivoD  travelling  with  the  wind.     In  Uie  southi-m 
it  introduoea  a  cORijKiQent  towards  the  left. 
west  wind  has  an  excvee  of  centrifngal  force  which  tends 
i  it  trtwardu  t.lw  diiintjir  ttnA  an  i-»<it  wind  hwn  ft  tendenev 
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Mph^^'ic  th«  deviation  is  in  both  eawft  to  tlic  right,  amJ  in  tb«i 
hviiiiMi>lii>rv  to  the  luft 

W«  have  tJiiia  an  explanation  of  qrdonio  movctnc 
northern  hemisphere,  if  a  sudden  diminution  of  preceure  i 
anj  large  area,  the  air  all  around  for  a  considerable  distaooe  i 
an  impetus  directed  towaixlu  this  area.     But,  before  the  < 
streaiuH  can  niu«t,  they  undergo  deviation,  ooch  to  its  owa  : 
that,  lUfilcad  of  an-iving  at  tlicir  oomtnon  ocntru,  tbey  blo«  ' 
tially  to  n  closed  curve  surrounding  it.  and  thus  produce 
from  light  to  left  with  respect  to  a  person  standing  ta  tiw  i 
This  is  the  universal  direction  of  cyclonic  rotation  in  th«  i 
hemisphere;  and  the  opposite  rule  holds  for  the  aoutbem  I 
Tile  former  is  opposite  to.  the  latter  thv  some  as  tb«  i 
motion  of  th«  hands  of  a  watch  lying  witli  its  facu  up.  In  i 
the  motion  is  opposite  to  tJi«  appai«ut  diurnal  inotiou  of  Um  i 
the  hemisi)hen)  in  which  it  oceura. 

6S4.  Anemometers. — Instrumenta  for  measuring  «ith«r  UmJ 
or  the  veloi^ity  of  the  wind  are  called  aiumometen.    Its 
usually  measured  by  Osier's  anemometer,  in  which  the 
^e  wind  is  received  upon  a  square  plate  attached  to  otw  i 
spiral  spring  (with  it«  axis  horizontal),  which  yields  mora 
aocunling  to  the  force  of  the  wind,  awl  traosinits  its 
pencil  whicli  Ivftvcs  a  brace  upon  p«p«r  moved  by  dodc-wc 
seems  that  the  force  received  by  the  plate  is  not  rigorouil/  j 
UoDol  to  its  size,  and  that  a  plate  a  yard  sqiure  raooimj 
more  than  9  timee  the  pressure  of  a  plate  s  foot  sqi 
anemometer  which  has  yielded  the  moat  satis&ctory 
invented  by  the  Rev.  Dr.  Robinson  of  Annagh,  whidi  is  : 
in.  Fig.  331,  and  which  indicates  the  velocity  of  the  wii 
Bi»i»  of  four  hemispherical  oups  attached  to  the  eoda  of 
sontal  arms,  forming  a  horizontal  eroaa,  which  turns 
vortical  axis.    By  meooa  of  an  endless  screw  carried 
u  train  of  wheel-work  is  set  in  motion;  and  the  iudicatiu 
by  a  hand  which  moves  round  a  dial;  or,  in  some  in»trl 
several  bands  moving  round  diflereot  dials  like  thuae  of  : 
The  anemomutvr  can  also  be  made  to  leave  a  contiin 
p^>cr,  for  which  purpose  various  contrivaoces  havi;  Ih.-! 
employed.    It  was  calculated  by  tlie  inventor,  and 
own  experiments  both  in  air  and  wa(«r,  as  well 
ments  conducted  by  Prof.  C.  Piazzi  Smytli  at  Edinbu' 
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r  hy  the  OHtrcmomer-royal  at  Ureenwich,  that  tlio  contra  <^ 
[I  iDOVcB  with  a  velocity  wlilcb  is  aluiuiit  vxa<;tly  oiiu-tliinl  of 

the  wiotL     litis  iit  the 

vtlodtj  -  anemomelcr 
indieations  are  oxovtly 
iooal    to    the    velodty 

Dr.  ^liewcU'a  aoemo- 
Rrhieb  reserablea  a  small 
iU,  ia  very  far  &oro  ful- 
Uiu  eonflition,  its  vmrta- 
r  velocity  being  niudi 
B  tbow  of  th«  wind. 
UrectJoo  of  the  wind,  ns 
h1  by  a  vace,  can  also  be 
to  leave  a  cootinuooa 
by  various  oontrivanccs; 
the  moat  oommon  being 
b  carried  by  the  itltaft 

vane,  and  driving  a 
ihicb  carrJeit  a  [K'licil. 
triiapt  th«  neatest  ar- 
mt  for  this  purpose  is  a 
raw  willi  only  om-  tlirt-ad 

sd  of  a  metal  which  will  write  on  iieixr.  A  lUicet  of  [wpor  u 
by  elock'Work  in  a  direction  perpendicular  to  the  axis  of  the 
md  b  jiretttted  against  the  throad,  touching  it  of  course  only 
point,  which  travels  parallel  to  the  axis  as  the  screw  turns. 
IDM  hack  to  ita  original  place  after  one  revolution.  When 
I  of  Uw  thread  Icavm  the  paper,  the  other  end  at  the  same 

cones  on.     Hie  screw  turns  with  the  vane,  ho  that  u  com- 
ivolution  of  the  acrew  oorrcnpouds  to  a  complete  revolution 

wind.      This   u  one  of   the   many  isgeniitus  contrivsooi-H 

and  executed  by  Mr.  beckley,  mechanical  aiuiiatant  in  Kcw 
ktory. 

Oceanic  CorreBta. — The  general  principle  of  g  550  applie> 
da  as  Well  as  to  gases;  thouf^h  the  etTecU  are  usually  smaller, 
lo  tliuir  smaller  expansibility. 

irmnn  water  In  the  equatorial  rrj^ons  overflows  towards  the 
ad  an  under-current  of  cold  water  whicli  has  descended  in 
•rnuiuDH  Sows  towards  the  etjuauir.     Itvueut  obscrvationa 
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the  strnitn  lieiweetT  iKe^Bahatnas  uid  Florida,  tnnu  to 
w«Ht,  and  splits  into  two  brandies,  one  of  which  goes 
coasts  of  Ireland  and  Norway,  the  other  gradualljr  tui 
travenea  the  Atlantic  from  norU]  to  south,  and  finally 
the  rejpons  of  tho  eqtiator. 

"ThoGulf  SbrcaiQ  is  a  river  in  thcocoao;  in  thoMvem 
it  ncviT  fails,  and  in  thi^  mighticAt  floods  it  naTor  ove 
banks  and  its  bottom  are  of  cold  WKt«r.  while  ita  cumofc  1 
it  takes  ita  rise  in  the  Oulf  of  Mexico,  and  emptiM  into  ^ 
'rhcre  is  on  earth  no  other  such  majestic  flow  t^  waicn. 
ifl  more  rapid  than  the  Missiarippi  or  the  Amaxon,  and 
more  than  a  tliougand  liinis  greater.  Its  waters,  ma  Ikr  oi 
Gulf  as  the  Carolina  coasta,  are  of  indigo  bluu.  They  are  m 
marked  ttint  their  lino  of  jundjon  wiUi  lb«  common  am- 
b»  traced  by  the  uye.  Oft«Q  one-liolf  of  the  venal  may  h 
floating  in  Gulf  Stream  wat«r,  while  the  otlior  Iwlf  Is  I 
water  of  the  sea,  so  sharp  is  the  line."— (Mauiy,  P^vtcni 

It  would  appear  that  an  accumulation  of  water  is  prod 
Oulf  of  Mexico  by  the  tmdc-wind  w>iich  blows  ateadUy 
orer  tlie  South  Atlantic,  and  tluit  the  elevatioo  of 
aioncd  is  the  principal  cause  of  the  Gulf  Stroain. 


EXAMPLES. 


in*  Chrttpodt  &(itl  b  <apl«ya<  owjrf  dbrr  «amt4K  Maltf.] 


80AI.B  or  TsMfniATCaA 

TW  dUknan  belw««ii  ihe  tempcntutica  of  two  bodka  ui  30°  F.    Espreai 
I  diArvnea  in  dtgtttt  Coal,  tad  in  dtgnm  Bteu. 

%  Tb»  dlHeraiK*  betw«cn  Um  Umpwvtarea  of  two  bodice  te  18*  C    Express 
Mb  diOrrmm  in  degnc*  It£na.  and  in  delist*  FiOir. 

3.  TIm  <Uff«rMiM  bvtwera  Use  t«iup(nUirw  of  two  bodiM  la  SB*  R    EaprcM 
htim  diOtnatM  in  Uie  Osnt.  luid  Falir.  mpJh. 

4.  Espma  Ibo  tempentura  70*  F.  in  th*  Cent  and  Rin.  Kslca. 
a.    Expnw  Um  (Mnp«ratan  60'  C  in  tks  BdM.  and  Fahr.  snlw. 

^U.   EspraM  the  (nu|>entim  'M'  B.  in  Ui«  Ctat.  and  Pabr.  aoalciL 

^B.   Air  aipanda  bj  -^Mi3fl0  of  ita  *oluai«  at  tb*  froazing-poiotof  ntcr  for  cadi 

^Kaa  Caul.    B;  how  mocli  doe*  it  czpaiid  foe  aacli  dugna  Fktir. ' 

I^B.   Tbe  ii>K|<erslurs  of  the  Bartfa  iii«r«aaM  bj  abopt  one  degree  Fabr.  for  erory 

P  f««t  at  dooMit.     Uow  maB7  foot  of  dfaoMit  will  givo  an  iDcrrAH  of  I'  CeiiL, 

md  bcw  naar  oentimotrea  of  daaorat  will  giro  an  iacKaae  of  I*  CtotL,  the  fool 

^i^  30-48  an.1 

P.  Tlw  moan  aiuiMl  nng»  of  Unpanton  at  ft  CMtalB  pket  ii  IW  F.    Wbai 
b  in  ilt^eoa  CcuLt 
X   Load  iDnHa  at  38g*  C,  and  in  mclling  abaorbi  «■  nwicb  haataa  wowld  raMo 
tlmas  ila  Biaaa  of  water  1*  C.    Wliut  DumberB  will  t«k«  tbo  placo  of  3S0  Mid 
wl>«a  tbe  Fahrenheit  aa)v  it  ciui>ioj«lt 
11.   Sluym  tliat  ill*  l«iii]«ratur«  ~W  C.  and  iht  tetnpontaro  -40*  F.  are 


EaTMftlaa 


Wliat  tMuperatuie  ia  ejqiHawd  hf  th*  aaao  utunber  in  tlie  FUir.  and 
I 

BxrAjmoK. 
*fli«  follixrinj;  onefficienia  of  oipauMon  can  bo  tuad  :• 


■OOOOU* 
•OOOOITS 
■000018S 
-flOODOSO 


CUMtaL 

GUm. ■OOOOM 

Uintttrj '000170 

AleolMl, -OOIOM 

EUiar, -OOIUO 


^%>  oorravt  lonirth  of  a  nUt)  duin  for  land  meaaiiriag  ia  W  (t.     Expttaa. 
■I  al  an  iii«)i,  iIm  dillcTMioa  botwaen  tba  aetnaj  langtlia  of  audi  a  tbain 
'mad  v. 


of  aMBBiy  ftt  <■'  whnn  the  t«m[«n>lure  w  nked  t»  100^1 

80.  Hi*  c«[>«oit;  of  the  bulb  of  *  tli«risom«l«r  togtOur  wit 
■um  H  ia  below  »n>  fa  -236  ec.  at  (T,  kind  lh«  Mottoa  of  tba  tub*  ii 
Ooiupute  tbe  lengtli  of  a  (le;;jcc  (1),  t(  the  lluid  be  nwiuurj;  (<),  i( 

31.  Tlio  bulb,  l«f[ctli»r  with  a*  much  of  tbo  kIoid  ma  it  Inlaw  d 
pontninB  3*28  giu-  of  luvreurjr  ul  r«ta,  and  tlic  lei>f,'tli  <tf  *  (Ugrco  n 
puio  the  nrctiun  of  tbo  tube,  the  iloMilj'  of  ruerairjr  being  dImuI  1> 

:iS.  Wli»t  will  be  Iho  toIuum  •!  3W  of  ■  ({lUBUtjr  of  gu  « 
1000  oc.  ai  0',  tbe  iMtMora  belug  the  nmeT 

S3.  Wli&t  will  be  tlie  vohmie  at  4)^  of  *  qmnilty  at  go*  m 
1000  oc.  at  10(1*,  Uie  prMnini  being  tbe  aMMl 

24.  Wli»t  will  bo  the  pmwre  ei  W  of  ■  iiiantitj  of 
liriwupe  of  It  miltiou  dyne*  per  eq-  au,,  tbe  ga*  being 
wboee  expaaaioii  may  b«  neglected  t  

S&.  A  tlioiuumd  CO.  of  (pa  at  l(:il3<:  tulIUon  djTMe  per  eq.  im.^ 
•Xpuid  till  tlw  |>reMur«  beoooiM  k  million  djriM*  per  eq.  eta.,  eitil  Un 
h  at  the  laiDe  time  rabed  froin  iU  initial  value  U*  to  100*.    rinil  llM 

S&  A  gu  iiiiti&lljr  M  volume  1M0  cc,  tompemtui*  KMi*,  and  a  p 
MDled  by  Ttt  ca.  of  ■orcuiy,  ha*  iu  pttMura  JDcniaatd  by  1  en.  oif 
lu  teBipentnre  milcd  to  »■)*.    Fiud  its  final  volntne. 

it?.  Al  what  tempentim  will  tbe  rolume  of  a  gm  at  ■  |«eMOT 
djme*  per  «q.  <ta.  be  1000  cc,  if  it«  volunM  at  t4-BipormlBn  V  mA 
naUIoB  djruee  ix^aq.  cm.  be  19X>  oct  ^ 

S8.  Whkt  tempcmtura  on  the  fUiranbeit  acale  ia  the  ibatiair  ■ 
tbetiDomctvrl 

S.  Find  the  coetteieot  of  wpaueion  of  air  per  ilejcne  rnlu 
i*  the  ■tatting-point. 

30.<£xpr(«tlwfreedng-po«nt  and  botling-pointof  waiar  m^ 
tvrea  FahteBbeit. 

31.  Whnt  i*  tbo  interior  rolame  at  0*  C  of  a  gbiM  bulb 
axaatlT  fllWl  bv  &3  tffiuumM  et  aaarcnrYt 
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talmbteil  deuaitiM  tn  |>ru|>oKiuual  to  tint  vtOuua  of  -i,  for  Uue  diffemit 

Tbftt  mart  1x  the  pnwiiiro  of  kir  kt  1ft*,  tb«l  iu  dMixity  mxj  bo  th*  nno 
f  b^dmgM  ftt  0*  and  760  i&tn.  I 

L  BunmrU  1)arauet«r  witb  hnm  a«le  read*  M  mm  line  770  mm.  with  a 
tan  B5*,  mhI  at  anotlMi-  time  70O  mm.  with  k  Umpvrnttin)  &*.  Find  lb« 
tlM  foHMT  pTMMn  to  Um  latUr. 

rha  MnnaJ  denitj  o(  air  b«iiig  -OOOIM  of  tbut  of  tinoa,  wliat  choD^a  ia 
I  in  tit*  fore*  rM|tiiml  to  •lutain  n  kilognuame  ci  bnw*  in  >ir,  wbnB  tbo 
ud  tMBparktura  cluuig*  from  713  nim.  and  ~I0'  loTAl  mm.  imd  +30*) 
L  cylindncal  lub«  of  g]aM  t*  dirid«<I  into  300  equal  parla.  It  i»  loaded 
rairy,  and  Hska  to  tU*  UXli  dirinion  from  the  top  id  WBt«r  at  10*.  To 
rkioB  will  it  kink  in  wtitar  at  W,  tli*  volume*  of  a  givMi  maas  of  wat«r 
taDpenlurea  Iwint;  aa  liXl096Sto  l-01£00t 

i  elMtd  gl«b*t  wbwe  Ht«ni*l  volnm*  at  0*  ia  10  litrea,  in  immonwd  in 
y  wd  at  a  pTMMra  of  OrTl  m.  Botjulnd  (1)  ilie  ton  of  weigbc  wbich  it 
iMM  from  ih*  BOtian  of  tbe  airi  (S)  tbo  cbniige  wliich  tbia  Iom  would 
if  lb*  ptwun  bocama  (fTGB  m.  aod  the  tomperatare  ir. 
L  bnui  tab*  OODtaiBB  turtvury,  with  a  ]>it<ce  of  [ilatiiiuiii  iiiiiii«ntd  IB  It; 
kvel  of  tlie  liquid  is  nurked  by  a  acrntfilt  ob  tbe  inaide  of  the  tube.  Ob 
;  baal,  il  it  fnuod  Uuc  the  liquid  alUI  ataoda  at  tbia  mark.  Deduce  the 
the  weiglil  of  tbe  [ilixtiiium  to  tbat  of  (be  metcuiy,  aawMniBg  tbe  deiuilf 
BtDtobeSl-a^iuid  it*  linear  fxpuiinon  OOOftl  per  de^e. 
k  glue  tnht,  dnmd  at  on*  ead  and  drawu  out  at  tb*  otlier,  ia  fillnl  witb 
awl  nfaad  to  a  IcnpentaiN  «  at  atfDWplMTie  preaatue.  It  is  llt«n  liaiv 
f  Mated.  WbeB  it  Ka*  bccB  exiled  to  tlie  teraperntun!  100*  C,  it  ia 
war  natmiT,  and  it*  pointed  end  ia  broheo  off  b«nc»tli  tb*  aorfaw  of 
U.  Tbe  Bumaty  riaea  to  tbe  Iu«glit  of  10  eentimettea  in  the  tubf,  the 
frtmKm  reawiniB|[at70em.  aa  at  tbo  commenoementof  tbe  esperiiu*ml. 
I  n  n-iaT«rt«d,  and  weighed  with  the  memu;  wbich  it  contain*.  Hie 
4  tkb  Marentr  ia  fou&d  to  be  SOO  gnnunaa;  when  complttel;  full  it  oon- 
9  gnmmm  of  mcrcut;.  Deduce  the  temperature  jr. 
i  bUm  tnlw,  whoao  inlonor  ia  a  right  cirtnlor  c^lindar,  S  millimotrM  ia 
■  at  U*  C^  ooBtaina  a  column  of  mcrcurjr,  whoae  length  at  Ibi*  («upeni(iue 
m.  Wbnt  will  bo  tbe  length  «f  thia  eotumn  of  mcreiuT  when  the  tom- 
laMTC? 

Imm  dry  air  ia  incloaed  in  a  borixontal  tbermoroetrio  tnbe,  1^  neana  of 
:  of  BHircarj.  At  0*  C  and  OTilO  m.  th*  air  ooeupiea  710  diriaiona  of  tbo 
>  tuba  being  divided  into  paxta  of  equal  capacitj.  At  an  nnknown 
Ml*  and  prtwure  the  aune  air  ooenpiea  060  diviuona.  Tlie  tube  boiuf 
il  in  tnalting  ioe,  and  th*  latter  pnwur*  being  atill  maintained,  tli*  air 
7S0  diriaiona  Roqufred  Ui«  teuprrature  and  prMnir«. 
L  rinUiaRi'a  cnnijcnBtinx  pendulum  in  fortned  of  an  iron  rod,  whotw  Innglh 
« t,  carrying  a  cylindrical  veaeel  of  glaaa,  wbich  at  the  aama  t*ai|<*rature 
Btanul  radiua  r,  and  height  h.  Find  lh«  depih  x  of  roercnry  >l  0*  C 
BoeaaMiy  for  cooipenMlion,  auppoain^  that  tbe  companaatMn  oontMla  in 
tlu  CMiU*  of  gravity  of  the  mercttrjr  at  a  oonrtant  dutauea  from  the  axia 


EXAMPLCa 


TiixiuiAL  CAi-ActTr, 
Tlie  following  vtJim  ot  Bpedfio  but  on  be  uted : — 


Mureury, 
Alixdiol, 

Air,  MtocmUM 


Iron 10M 

Coi'psr -0M9 

PUtinum 'CSS9 

Sut^ -as 

lea, -604 


I  44.  17  parU  by  miu*  of  trtUr  at  ft*  u«  tntiod  wiUi  £3  part*  at  U*. 
Kmltiug  Uni)ieraturv. 

•  46.  SUO  gtt).  of  iron  M  KXTtre  tmmened  in  1000  gn.  of  wkUr  al  < 
llie  resulting  luEopenituraL 

40.  Find  tko  vpedtio  heat  of  k  attbcUnae  80  gtn.  of  wkicti  at  VXF, 
menei  ni  SOO  gm.  of  w»t«r  at  10*  ^ro  a  nsulling  tonpanitan  of  V. 

47.  16  pari*  by  naa*  of  aaud  at  IV,  and  SO  of  iitm  at  46*  an 
fiO  of  water  at  4*.    F^ml  tba  temptratnre  of  the  nuxtuni. 

4&  300  gm.  of  oopp«r  at  100^  «r«  itnnttiMd  In  TiN)  gu.  ot  aleobol  it  I 
the  resulting  taBpenturaL 

49.  If  tha  loeglh,  braadtli,  and  h«igbtof  a  room  ara  raapedlvaixll) 
metrcB,  bow  maaj  gnuomo^fgnea  of  beat  will  b«  t«qiilt«d  to  rmiaa  lb  I 
tora  of  tha  air  which  KUa  th«  n>am  by  iff,  the  prsMnn  of  tbe  air  bctng  I 
and  its  avcrege  density  'OOISS  gm.  p«r  cubic  c«ntiitMtr«1 

00.  F^uil  the  thermal  apa«ltiu4  of  mercury,  alcohol,  and  etbcr  ptr  I 
niM,  tb«ir  denntie*  binng  rcapcctively  13'4,  -701,  and  -TtU. 


I^narr  Hut. 
Tho  following  values  of  latent  hcikt  enii  ba  oatd  :— 


Vatar 
liaad. 


Id  UvlUni. 


SO 


la  rr*iHrMlM  •!  Al 
SUam.      ■     . 


fil.  Find  tb»  raaoH  of  mixing  a  gn.  of  ibow  at  0*  with  X3  f^na.  ol  * 

68:  E^ad  tho  reault  of  raixlog  6  parta  (by  aiaaa)  of  mow  at  IT 
watw  at  60*. 

03.  Fiiul  th«  nsnilt  of  mixing  3  puta  by  inaM  of  atww  at  •  IV ' 
water  lit  40*. 

G4.  rind  tbo  rtault  of  inixuig  oqual  maapii  of  mow  U  — 10*  aad  ' 

G5,  Fiud  tlio  t«n)p«raiur«  obtained  by  iutrodudoi;  10  gm.  W 
into  1000  gm.  of  water  at  0^. 

SO.  Lead  iMlta  at  dSIT.    Ita  apcdflc  baftl  •■  -0314  In  tba  i 
th«  liquid  atate.    Find  wliat  inai*  of  water  at  0*  will  ba 
dtgrm  by  dropping  into  it  100  gm.  of  iMlted  IomI  at  USO*. 

67.  What  moai  of  nercnry  at  0*  wOl  be  raiaed  1*  by  drappiiif  bM  I 
et  lud  at  400*1 

iB.  A  Utn  of  alcohol,  maaaared  nl  ft*  C,  ii  oontainsd  In  a  1 
ing  100  gnunnea.  ai>d  after  betu;;  raiwd  to  68*  0.,  b  imiBcrMd 
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rtlttfC,  eonUiati  in  ■  hnm  vomcI  vri'i|ihin)t  900  gimuBiM.    He  tan- 
<  ot  tha  «*Ur  ia  tbetwby  ni»od  to  ST*.    WW  u  tb*  apacific  hut  of 

IIm  ifMifla  gnvitjr  el  ■Jcobol  U  OS  i  tli«  ii{<edfic  Wt  of  bnaa  la  0-1. 

liflpppcr  TCMttI,  wdjtliing  I  kiI«t;nuiuDc,  coduum  S  kilogr.  of  water.    A 

'  oofDpoMil  of  IIM  gnmOM*  d  gloao  and  SOU  gr.  of  morctirf,  i*  coin- 

ia  diia  «a(«r.    All  theao  botliw  are  at  Iht  mno  temperature, 

If  tOU  fTmntDdi  of  itoiuii  at  100*  C.  an  piOMod  into  tho  rc»*l.  and  con- 

i&  it,  whu  will  be  the  tetDpenlure  of  the  whole  appnmliu  when  eqniU- 

i  ha*  l)««ii  attained,  euppMiD^  tliat  iliorc  ia  ou  Iom  of  beat  externally.    Tlie 

i of  ■MKiUT  ia  tft>33 :  of  <«p]wr,  tiO'M;  of  glaas,  0-1T7. 


Tjuuooa. 

|n.  A  tnilf  conical  veiMl  ronlaina  a  oetiain  quantity  of  lacrcory  at  0*  <X  To 
I1rfii|>e»tim  tnoft  tfaa  vowel  and  ita  oontcuta  be  mi«ed  lliut  ll>e  de]itb  of  tlM 
I  may  be  Inewnaiid  by  ,>,  of  itiieUT 

I  i«  a  bent  tube,  leraunulng  at  ooe  end  Ea  a  bigo  bulb,  and  Rinqily 
^ttia  other.    A  oolanin  of  menniry  ataniU  nt  ibe  nme  faetsbt  bi  t)i«  two 
)  and  Uine  aeiMntai  two  (iiinntitiea  of  air  at  tbe  Kuno  pruBure.    The  air 
~  <  i«  nUtm(«(l  witJi  moMtiire ;  that  in  tb«  ojipoedto  bnuivh  i*  [»rfectly 
TIm)  lengtb  of  tlie  coJuniD  nf  dry  nir  ia  kunwn.  nnd  alio  ila  initial  |>n«iurc, 
I'luperstore  of  th«  whole  being  0*  C    OaJculnla  11m>  diffiLuMBoiit  of  tlia 
Mlutoa  wImu  the  tcmpemture  <d  the  appeinilua  id  nUetd  to  100*  C. 
i  bulb  b  aniifMaed  lo  hare  enough  wnlor  in  it  to  k<<up  tlio  air  cooatautly 
1 1  anil  ia  ■!■>  aujifioaed  lu  be  eo  Ui^^e  tlint  Iho  Toltiiii«i  of  tlie  tnoiat  air  ia 
>ly  affected  bjr  the  diaplacemcnt  uf  the  mcrvurial  coliuuu. 


CoxDccnos. 


(tfmiU  li*  Mnlimitrt,  gmmmt,  •utJ  Mcond.) 


Row  many  gnntue^egreei  of  boat  will  be  ouadueted  fa  an  boar  tbrongh 
|a|.  CML  of  an  ipm  pbl»  -09  em.  thick,  ita  two  aide*  boinf  kept  at  the  nepats 
1  Hier  and  try,  sad  the  meaa  ooadacUvity  of  die  boo  between 
I  IflBpaiwtaroi  brinig  *12t 

ThrMiffli  what  Ibidcnn*  of  copper  would  the  ftuivt  amoout  of  hiMt  daw 
I  tlM  ttt  CML  of  iron  in  the  )Mr«oe(liii{!  iiiwaiion,  with  ibe  anue  (empen- 

I  two  faoaii  the  meaa  conductivity  of  the  copper  between  Ihcaa  teon- 
I  btriiig  unity  I 

vw  Bincb  heat  will  be  conducted  in  an  hour  thionsh  eoch  aq.  on.  of  a 

I I  on.  tkidt,  one  aide  of  tlie  ioe  being  at  0'  and  tli<i  otlw.r  at  -  3*,  and 
irlty  h^ng  flOSS3 ;  and  what  voluiae  of  water  at  U*  would  be  converted 

I  M  O*  by  the  loa  of  thia  i|iiautity  of  hcntl 

Uow  uuoh  beat  will  cwApe  in  na  Iwur  froBi  the  w»Ut  of  a  bafldiBjb  if 
be  eO  aq.  metre*,  their  tliickaeea  Sn  on.,  their  BMl«rial  eaAdatone  of 
ivity  -Ol,  and  the  diHerenea  of  tenpenitnre  bptwom  outmlc  nnd  inmde 
What  <)tiaiitity  nf  cWeoal  Immed  per  hour  woald  generate  boat  etfoal  lo 
ir[eei>|>.4M.] 


^68.  TKeftfcourof  nlionn  w  employed  for  3  boon  in  nUag  fbt  fi 
n  nijllion  grnmniw  of  water  hy  [riciioQ.  What  tleTitMMi  of  lasipcn 
proJiiL-ed,  tupposiug  the  Lunw  to  wurk  »t  tlie  rate  ot  6  h  10*  etj*  par 

69.  Prom  whiit  hnighc  (iu  cm.)  maiit  tnareiu^  foil  at  »  place  wImt 
order  to  nia*  itM  owd  tampemture  1°  b;  the  dtatruetiou  of  tlir  v«lqt 
rappotlng  no  other  bodjr  to  receive  nay  ol  the  beat  tluu  geoetmtedt 

70.  With  what  vclodtjr  (ia  coi.  per  ate.)  muet  «  tokden  ballet  fli 
thnt  itH  tomponture  in&y  b«  ni»oi  100*  bjr  di«  eeltuloo,  euppoiiag  ■ 
of  tlie  iiiotiuu  whicli  is  dMtrojred  to  be  epent  in  Iwating  tbe  boUctl 

71.  Whut  is  the  graalMt  proportion  of  Uie  beat  recaired  by  ut  ei 
tb«t  cnii  lie  oonv«i't«d  iDto  mechaaloJ  Httet,  U  the  beat  wliich  m  nil 
the  engine  ia  given  out  at  the  temperature  lO't 

7S.  If  a  perfect  engine  givaa  out  bent  at  0°,  at  what  t*aiiwi«tnni 
in  be&t  that  half  tlie  beat  r«c«i*«d  maj  be  «nircvt«dl 

73.  What  moM  of  carbon  burned  per  boor  vould  prodtMo  (ha  ai 
of  hent  aa  the  work  of  one  hnrw  for  the  mme  time,  a  hone-power  b 
78  X  10*  ergs  per  atcoud. 

74.  A  epeeimoti  of  good  cool  couteina  88  per  ccnL  of  earinii  aaC 
«t  hydrc^^  not  already  oomlnned  with  oxjrgen.  How  manj  gnuai 
bent  are  generated  hj  the  eombuatlon  ol  1  gm.  of  tble  cami;  aa 
velocity  mint  a  emmme  of  matter  mare  that  tbe  aMru  of  ita  n 
t^iual  u>  tli«  energy  developed  by  tbe  ootubustion  of  the  aaid  gfmtami 
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n.  find  tbo  riae  of  tcEmpentnre  pnduced  in  water  at  lOi*  GL  bj  ■ 
ef  additional  prvamire,  an  atoioaplMra  being  taken  aa  n  million  dyM 
and  the  ooeffioiunt  of  expatiaion  at  tbia  t«mpei«tur«  baing  'OOOOSl. 

"id.  Find  tlie  ratio  ol  the  adiabatio  to  the  nM>tbeimBl  iiaielaiw  tt 
Iu  eooipreasion,  the  valiM  of  tba  latt«r  batng  S*!  k  10<*  dyne*  per  eq. 

■n.  Rod  the  fall  of  I 
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ELECTRICITY. 


CHAPTER    XLI. 


ISTBODUCTOBr    pubkomkka. 


indameoUl  Pbenomena. — Jf  a  glass  tubo  be  robber)  viUi  a 
kandkerdiief,  both  tuljo  and  rubber  being  very  dry,  the  tube 
m  Foood  to  have  acquired  the  property  of  attracting  light  bodieei 
f  jmxt  nibbed  Iw  held  d^at  to  tunall  scraps  of  paper,  pieces  of 


Fk .VD— MMmIIm  •!  U^  BpMm  br  M  E I . 


■!/- 


imw,  sawdust,  kc,  theae  objects  will  move  to  the  tube;  boom- 

tbey  remain  in  contact  wilJi  it,  sometimes  they  ore  alternately 

kod  and  repelbd,  tli6  intensity  as  wvll  as  Uio  duration  of  the»e 

I  rtrjiBg  aococidiog  to  the  oinount  of  friction  to  wtuch  the  tube 

tnrabJ«ot«L 

mt  tubo  bo  brought  near  the  face,  the  rvault  a  a  aennatioa  similar 

L 


root  from  wliicli  t!i<;  word  tUctricity  h  derived.  V 

At  firHt  sight  it  appears  Uiat  this  property  of  beoonfl 

by  friction  ia  not  common  to  all  bodies;  for  if  a  bar  of  n 

in  the  band  and  rubbed  with  wool,  it  do«8  not  aoquire  tl 


c 


n«.  na-iiKtriacaU'ip  ot  j  uiui  bj  ructiM.      ^ 

of  an  electdSed  body.  But  we  should  be  wrong  in  ood 
uietaU  cannot  be  electrified  by  fricti<»);  for  if  tlie  bar  b« 
a  glass  rod,  and,  whilo  bcld  by  this  handle,  bo  struck  wi 
catskin.  it  may  be  very  sensibly  electrified.  There  b  ' 
basis  for  the  distinction  fomiorly  made  between  ell 
electrics,  tliat  is,  lietween  substances  capable  an<l 
electrilicd  by  friction;  for  all  bodies,  a^  far  aa  at  pr 
capable  of  being  thus  exdted.  Tlierc  is,  however,  i 
ference  of  another  kind  butween  thcni,  which  was 
by  Stephen  Grt-y  in  1729. 

657.  Condaotors  and  HoD-oondooton. — In  certain 
glass  ami  n»in,  I'lictncily  does  not  apn-a<l  ittu^U  boj 
the  surface  wherv  it  haa  been  developed;  wbiitt  in 
as  metals,  the  electrici^  developed  at  any  point  immndii 
itddf  over  the  whole  body.  Thus,  in  the  last-mentioood 
Uie  signs  of  electricity  are  immediately  manifested  at  tb 
metal  bar  which  is  farthest  from  Uiu  glass  rod,  if  the  a 
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bctwa«n  wh«t  arc  culled  iion-oon<1uetors  and  gowl  con- 
9,  u  enonnoQS.  The  followiug  nn  Viatu  of  coiiductont  aud 
i-conductors.  amnged,  at  Icwt  approximately,  in  order  of  their 
idoctuig  powers.  In  the  list  of  conductors,  the  be&t  conductors 
I  put  first;  in  the  list  of  non-oonductors,  the  worst  oonductora  (or 
Ft  insulators)  are  put  lint^ 


r 

COKDDCTWKB. 

JUIwrtdi. 

HeblUeorai. 

tJTin^  vcgtUblMk 

Wdl4mnMl  ehHMil. 

JLnbiMl  Sukh. 

Klu. 

rtawhigu. 

Seft  wMc*. 

noiu|i. 

CawoMltBUiI  »*Uft 

Spring  wmUr 

Mvini^  ariimtli^ 

nanuMtiL 

Snow. 

Maiit  «)Uth  Hid  «t«iHa. 

aMu& 

0«ini. 

LtatlMK 

k^ 

Ebonlta. 

BdMdwooiL 

WEm. 

LVmlclwae. 

PoroiUln. 

^fkm. 

G<itu-ptr«lMi 

Uvble. 

Wu. 

flilk. 

C>in|ibur. 

UL 

WcnL 

Cliftlk. 

GiM 

rMthWK 

Unw> 

tod*. 

Ihjr  |«p«r. 

OEli. 

OImwi>A 

PtnhihtaX. 

MtUlUo  omUo. 

human  body  is  a  good  conductor  of  electricity.    If  a  peraon 

Qg  on  a  stool  with  glass  legs  be  struck  with  a  catskin,  he 

electrified  in  a  very  perocptiblo  degree,  and  sparks  may  be 

from  ai^  port  of  his  body. 

ben  an  loauUted  aud  electrified  conductor  is  allowed  to  touch 

conductor  insalatod  but  not  electrified,  it  b  observed  that, 

bo  cxmlact,  both  bodice  poascts  electrical  properties,  dectridty 

:  bMo  oommonieated  to  the  socoitd  body  at  U>o  expensed  tbe 

If  the  Moond  body  be  much  tlte  larger  of  the  two,  the  electri- 

'of  the  first  is  greatly  dimiaiahed,  and  nuiy  hecotne  quite  in!>«n- 

ThiH  explains  the  dts^pearanee  of  electricity  whf  n  a  body  is 

kb  ooonection  with  the  earth,  which,  together  with  most  of  the 

i  oa  its  surfOice,  may  be  regarded  a^  constituting  one  enormoufi 

On  account  of  ittt  practically  inexhaustible  capacity  for 

;  or  absorbing  electricity,  tJie  earth  is  often  called  tht  com- 

^*ill  now  be  easily  understood  why  it  la  not  possible  to  electrify 
rod  by  rubbing  it  while  it  is  held  in  tjie  hand ;  siuce  the 


ther.  The  <Iiffiei)Hy  islom^^^^^^^^Ki^tDgT'i 
the  air  i»  Uie  ndghbourhof^^n^^^RHm,  uid  thus 
relfttive  humidity.  Sir  W.  Snow  HArris  employed  1 
which  wei-e  heated  in  a  fire,  and  then  fixed  near  the  in 
ports;  and  thua  succeeded  in  exhibiting  eleotricsl  expoi 
audience  in  the  most  unfavourable  weaUier.  Sir  W, 
keeping  the  air  in  the  interior  of  hia  electrometers  dry 
sulphuric  acid,  caufics  them  to  retain  their  chai^ge  with 
percBntftfte  of  loss  in  twi-nty-four  hours.  Dry  frosty  day 
for  electrical  experiments,  and  next  perhaps  to  tbese. 
of  <]r}-  cuttiufj  winds  iit  spring. 

658.  Duality  of  Electricity. — The  olomentary  pheDom 
have  mentioned  in  the  bt^nning  of  thia  chApter  may  t 
mtcly  stiKiicd  by  means  of  the  electric  p<.'n'lulum,  whieli 
pitli-ball  8u.Hpended  by  a  silk  fibre  from  an  io-iulated  au] 
an  electrified  gla^  rod  b  brought  near  the  insnlated  hi 
ijt  attracted;  but  as  soon  as  it  touches  the  glass  tube,  t 
is  changed  to  repulsion,  which  lasts  as  lung  as  the  bal 
electricity  which  it  has  acquired  by  tbo  contact.  A  rii 
mt-nt  can  bo  shown  by  cmptojing,  instead  of  tho  gU 
oUicr  body  vrhid)  ha-t  been  electrified  by  friction,  [o 
piuce  of  rcstn  wlilch  hoa  been  rubbed  with  flannoL 

If,  while  the  pendulum  exhibits  repulsion  for  the  glai 
ficd  resin  ia  brought  near,  it  is  attracted  by  the  latt«r,  ao 
when  it  is  repelled  by  the  resin,  it  is  attracted  by  tlie  j 
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ith  fluutel,  ntgativt.    Th«  fonner  is  also  called  vitrfom,  and  Uio 
^kttor  renMHMUL  On  rap«ating  the  experiniflnt  with  other  huUUnoeeL 


h  found  that  aU  electxifled  bodies  behave  either  like  the  glaaa  or 
I  the  resin. 

BM. — Without  making  any  as§umption  aa  to  what  electricity  ia, 
Ews  tuny  apeak  of  an  olccti'i&.-d  body  an  boing  charged  wUJi  tlectridty, 
I  wt  may  compwro  quantitiea  of  electricity  by  tncana  of  tlio  attrac- 
u  Bfiil  rvjiubions  exerted.   Bodies  oppout«ty  elcctriQed  luust  Uicn 
|W  ipolcen  of  aa  cliariged  with  tUctricitUi  of  oppotiU  kind,  or  of 
aign;  and  experiment  allows  that,  whenever  electricity  of 
IQB0  kind  is  developed,  whether  by  friction  or  by  any  other  means, 
iatj  of  tlio  opposite  liign  ia  always  developed  in  exactly  equal 
ijty.   If  a  eonduetor  rooaivoi  two  charges  of  electricity  of  utiual 
ity  but  opposite  sign,  it  is  found  to  oxliibit  no  traces  of  eloetii- 
rhatever. 

,  XUctrvntita  of  liie  sign  repd  one  anothw  and  lAoM  of  urUi&e 
I  attract  one  anotJter. — The  magnitude  of  the  force  exerted  upon 
I  odur  bj  two  electrified  bodies,  is  not  altered  in  amount  by 
thi  Miga  of  th«  electricity  of  one  or  both  of  tliem,  provided 
the  (juauUtius  of  electricity,  and  their  distribution  over  the  two 


T&eTtTh3^  electricitjr  vrhich  a  body  obtaim  hf  tti 
another  body,  evidently  depends  on  the  nature  of  their  81 
for  example,  we  take  two  discs.  (»)e  of  glass,  and  the  otbi 
aud,  holding  them  by  insulating  hnndlus,  rub  them  brisk) 
wo  stiall  find  that  the  metal  bccowL'«  negatively,  and  the 
lively  electrified;  but  if  the  tnctal  be  ooverod  with  a  a 
the  experiment  repeated,  it  wilt  be  tlie  glasti  which  will  t 
negatively  electrified.  In  the  subjoined  list,  the  eubstax 
ranged  in  such  order  that,  generally  speaking,  each  of  tlie 
positively  electrified  by  friciiun  with  thmo  which  foil 
negatively  witli  those  whidi  precede  it.  h 

FurofcftL  FMUien.  611k.     V 

F.>li.1„.a  alMI.  W.XML  SbrflMV 

WoollcD  itulTii,  Fkpor.  Uoanh  |Im 

561.  Hypotheses  regardioe:  tbe  Nature  of  Electricity.— T< 
regarding  the  nature  of  electricity  mast  be  described  on 
tbe  historical  interest  attaching  to  them. 

The  two-Jluid  theury,  originally  propounded  by  Dofaj 
to  a  more  exact  form  by  Symmer,  and  «till  very  extenainil 
inunt4Uns  that  Uie  0[^>osite  kinds  of  electricity  are  two  flu 
tive  electricity  ia  called  the  vitnous  fiuid,  and  negaUn 
the  TteinouB  fiuid.  Fluids  of  like  name  repel,  and  theai 
name  attract  each  other.  The  union  of  et^iial  ((uantitiM  i 
thiitU  con-ititutcH  the  neutral  lluid  which  is  supposed  to  eo 
Iai;ge  quantity  in  all  unelectrified  bodies.    'ft'heD  a  bodj 


e-Jluid  Ouory,  as  origiaaJly  pi^^^BM  by  Franklin,  tnotn- 
e  existonoe  of  only  Gae  electric  fluid,  which  unuk-ctrifictl 
BSen  in  s  cortAin  Dormal  amount.  A  poKJlivel}'  duvtriliuil 
norc,  and  a  Dtgativvly  olectrificd  ho'ly  1cm  Uiau  it«  norm&l 

The  jiRrtJcles  of  this  fluid  rcp«l  on«  atiotlior,  and  attract 
J««  of  other  kinds  of  matter,  at  all  dUtances.  .^pinTia,  in 
g  thtfl  theory  more  accurately,  found  it  ncoeasarj'  to  intro- 
tdditional  hypothesis  that  the  particles  of  matter  repel  oiio 

Thus,  according  to  ^pinus.  tho  absence  of  sensible  force 
wo  bodies  in  the  neutral  condition,  is  due  to  the  equilibrium 
roos,  two  of  which  arc  attractive,  and  tlto  other  two  ropal- 
Uing  tliQ  two  bodies  A  and  B,  tlio  electricity  whtcli  A  poa- 

Domal  amount,  b  repelled  by  tlie  electricity  of  It,  and 

by  the  matter  of  B.  The  matter  of  A  is  attracted  by  the 
•  of  B,  and  repelled  by  the  matter  of  B.  l*heee  four  forces 
ual,  and  destroy  one  another;  but,  without  the  suppk-iucn- 
Uieais  of  Jipinufl,  one  of  the  four  forces  ia  wanting,  and  the 
ta  is  Dot  eanily  explainc*].  To  reconcile  .^Kpinus's  atldition 
Kowtonian  tlicory  of  gravitaUon,  it  \»  nccesmry  to  suppotie 
quality  between  the  four  forces  is  not  exact,  the  attractions 
tter  by  an  in6nit«!tin)al  amount  than  the  repulsions, 
fi-fluid  tlioory  in  this  fonn  is,  like  the  two-tluid  theory, 
I  irith  the  explanation  of  all  knonoi  phenomena.  But  it  in 
arkcd  that  there  is  no  sulGcient  reason,  except  established 
which  of  Uie  two  opposit«  electricities  should. 


552 


INTBODUCTOKT  FltSNOMKKJL 


fi62. — In  Speaking  of  electric  cunrentfl,  the  language  of  the  ' 
fluid  theory  is  ahnoet  invariably  employed.  Thus,  if  A  is  a  con- 
ductor charged  positively,  and  B  a  conductor  charged  o^atiTdj; 
when  the  two  are  put  in  connection  by  a  wire,  ve  say  that  tlw 
direction  of  the  current  is  from  A  to  B;  whereas  the  langnage  of  tht 
two-fluid  theory  would  be,  that  a  current  of  vitreous  or  pootave 
electrici^  travels  from  A  to  B,  and  a  current  of  rennoos  or  neg^n 
from  B  to  A. 


f 


Indvetion. — In  the  precHms  ohnpU'r  we  have  spoken  of  moxT- 
of  iitau-rial  btnlim  catucd  hy  i-li-ctriottl  Attrnctions  and  rvput- 

Wo  h*v(i  now  to  Ijeatof  Uio  movenn^nt  of  rloclrlrity  itself 
Uenov  to  tlie  attractions  or  repuUtoiKi  exerted  upon  it  hy  other 
aiy.  ThU  kind  of  action  U  callod  imttu-tion. 
>»j  he  illufttrat«d  by  moans  of  the  arrangement  shown  in  Fig. 
rb«  apputatua  oonKiiiL*  of  a  itph«re  C  which  is  e!ectri6ed  posi- 
supposc.  and  of 

uctii);;  iiwiilateii  y^^k  /^  J 

■r    A  B     plaodl  "' 

it  From  tliis 
ure  easpci)di.-d  at 
distances  a  few 
of  {Nth  •  tiaJla. 
Um  cylinder 
kbt  n<!ar  tbo 
^e  balls  am 
xl  to  diverj^ 
rergvaea  ot  the 
it  pain  te  not 
at,  hat  goes  on  decreasing  from  tlie  pair  nearest  the  sphere 
,  point  U  ia  reached,  wlivre  there  ia  no  divergence.  Beyond 
e  divnrgvDoe  goea  on  increaaing.  The  neutral  point  M  doaa 
ictly  Uaeet  the  length  of  the  cylinder,  bot  ia  nearer  the  end 

the  end  B.  anil  the  former  end  is  found  to  be  more  atrongly 
lad  tJun  the  Utt«r. 

awy  to  abov  thnt  the  two  ends  of  tJie  cylinder  ore  charged 
ipoaite  kinda  of  electricity;  the  end  A  being  negatively,  and 


nt  «H  -  nminfifMMD  br  InllMMW 
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tile  cn<I  B  pmitivcly  ciMtrifiud.    Wv  Iiave  only  to  briogu  i 
stick  of  rosin  Duar  tliv  pith-bolls  at  A,  whiui  thme  will  bo  fomil 
ho  repelled;  if,  on  the  contrary,  it  he  lieM  ae*r  Uiose  ftt  B.  thcj  nD 
be  atti'actecL 

The  explanation  b,  that  the  positive  electricity  with  which  C  k 
charged  attracts  the  negative  electricity  of  AB  to  the  cod  A,  id 
ntpulii  the  positive  to  the  end  B.  Tliis  action  is  niorv  powerfolati 
thaii  at  B,  on  ticcount  of  the  greater  proximity  of  th«  infliWBdq; 
body,  an<l  for  tlie  same  r«a»on  the  oflect  fnllit  off  more  npidty  in  lli* 
portion  AM  than  in  MB. 

If  tlie  cylinder  be  brought  clo»er  to  the  sphere,  the  dlvefgnNJ 
the  balls  increases;  if  it  be  removed  farther  from  it,  tlie  dit 
diminifttiofl.     Fin&Uy,  all  figna  of  electricity  disappear  if  llw  i 
be  taken  away,  or  connectod  with  the  earth. 

If,  while  the  cylinder  is  under  tlie  influence  of  the  electricttj  d  G 
the  end  B  is  connected  with  tlio  cartli.  the  pith-balls  at  thii  mt 


1%,  IM.-«aMMlit«  tmtmata 


iiutiicdiAtely  collapse,  while  the  divergence  of  those  at  A 
The  explanation  i<t  that  the  electricity  which  was  repelled  to  tbii 
b  escapes  to  the  earth,  and  thus  afTonU  an  opportunity  for  a  fn 
exercise  of  induction  on  tlie  pari  of  tlte  sphere,  which  inOMtl^ 
aocumutation  of  negative  electricity  at  A.  We  insy  also  tfnaaA  iW 
tlie  whole  of  the  cylinder  is  now  negatively  electri&cd.  tlw  I 
line  being  pu&hed  bock  to  the  earth.  If  the  eartli-connwrtia  i 
DOW  broken,  and  the  sphere  C  be  then  removed,  the  eyUadtf ' 
remain  nogatirely  electrified,  and  will  be  in  the  same  conlitiiB>^'^ 
it  hud  been  touched  1^  a  negatively-electrified  body.    Tkii 


A-mucnox  and  repulsiok. 


fving  »  elutfga  to  a  conductor  is  called  eharging  by  indtutwn, 
flbe  charg*  tfatw  circn  b  always  opposite  to  that  of  tlie  inducing 

I  a  wnes  of  «uch  conductor  as  A  B  be  placed  in  line,  without 
let,  and  tlie  ponitiwly-vloctnliuil  body  C  bo  placed  oppo«Mto  to 
tod  of  the  aeries,  all  the  conductors  will  be  aflectcd  in  Uie  same 
the  flinglo  conductor  in  tlie  Ia.st  experiment.  I'hcy  will 
dMtfg«d  with  ne^tive  electricity  at  the  end  next  C,  and  with 
Ivfl  electjicity  at  the  remote  end,  the  effect,  however,  becoming 
M  wo  advaoce  in  the  series.  In  this  cxperimoot  eodi  of  the 
acta  inductivi-ly  upon  those  next  it;  for  example,  if  there 
oooduetora  AB.  A'B',  as  in  Fig.  330,  the  development  of 
idty  at  A'  and  B'  tit  mainly  due  to  the  actJon  of  tlie  ]>os)tiTe 
.  idty  in  MB.  If  the  conductor  AB  bo  removed,  the  pith-balb 
c  and  B"  will  diminish  their  divergence. 

inolecnU«  of  a  }jmly  may  be  regarded  «>  such  a  aeries  of  con- 
I,  or  rmtht-r  ati  a  nuuiber  of  auoh  seriea.     When  an  electrified 
ll  brought  ni>ar  it,  each  moli?cuIe  may  thus  booome  positive  on 
ids  and  negative  on  Uio  other.    In  the  case  of  good  conducton, 
larixaUoo  Ea  only  inxtMitaneoaa,  being  destroyed  by  the  dis- 
of  elwtrictty  from  (larticle  to  particle^    Qood  iDHuUtors  are 
which  are  able  to  n*i.st  this  t^-ndcncy  to  discharg**,  and 
tain  a  high  decree  of  poItLrization  fur  a  great  length  of  time. 
is  Faiaday'a  theory  of  "  induction  by  c^itiguous  particles." 
'.  Elaetrical  Attraction  and  Repnlsion. — Tlie  attraction  M'hich  i» 
^ved  when  an  clcctritiod  is  brought  near  to 
Mlactrified  body,  is  dependent  upon  in- 
oo.    Sappoee.  for  jostaitou,  that  a  body 
')ileh  t«  poaitively  electritlcd,  is  brought 
to  an  in*ulat«d  and  unchargud  pith-biUl. 
itive  electricity  ii  induced  on  tlie   near 
of  (he  pith-ball,  and  an  eitual  quantity  of  f^  m.-tltHri«i  aiuxU— 
ive  en  the  further  side.  The  former,  bving 
r  to  the  body  C,  is  more  strongly  attracted  tlian  tlio  otlter  is 
led.    The  ball  is  therefore  upon  the  whnlo  attracted. 
the  pitb'baJI.  tnittcad  of  being  insulated,  i»  snapended  by  a  con- 
0(;  thread  from  a  support  counl^ctod  witli  the  earth,  it  will  bo 
•troogly  attiactwl  than  before,  ati  it  is  now  entirely  charge<l 
aafktivB  electricity. 
the  <a«o  of  any  iiunlated  conductor,  tlie  algebraic  sum  of  the 


^-^a 


is  attractive  or  repul»sive.  acconliog  iaHiHiiPml«at 
anlike  or  like  nign  to  that  of  C.    In  the  latter  caae,  n 
generaUy  be  observed  at  distanoea  exce«<Iing  a  certav 
attractioa  at  nearer  distances,  the  reason  bein^  that  the  I 
to  the  induced  distribution  tncreaBes  more  rapidly  than 
tlie  distance  is  diminiolK-d.  ^ 

It  is  important  tu  remember  tliu  in  testing',  by  tfiH 
duluro,  or  by  any  otber  electroseopc,  the  kiod  of  oled 
vrhich  a  body  is  char^'ed.  In  biinging  the  butly  iowan 
troscope,  the  first  movement  produced  is  that  which  is  to  I 
and  repulsion  is  in  general  a  more  reliable  test  of  kind  0 
than  attraction.  dj 

fi65.  EleetroMopes. — An  olectnwoope  is  an  apparatanH 
tho  pru>i;nce  of  electricity,  and  determining  itA  si^n^  Tl 
electric  pendulum  is  an  electroscope.  If  Um  pitb>ball. 
tincbftTj^ed,  is  attracted  by  a  bo<Iy  brought  near  it,  we  kn 
body  is  electrified.  To  determine  the  kind  of  eleetridtj 
is  allowed  to  touch  the  pich-ball,  which  is  tlien  repelle 
moment  nn  t^-xcited  glaiw  tube  is  brought  near.  If  it  rep 
this  latter,  oa  well  ax  the  body  which  touched  it,  miut  b 
positively.  If  the  glass  tube  attracte  it,  or,  still  moml 
excited  resin  or  sealing-wax  repeU  it,  the  ball  and  tbo 
touched  it  are  electrified  negatively.  The  loss  of  el«etrid 
pitb-baU  is  often  so  rapid  as  to  render  this  test  of  ^gl 
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Rmall  gnld-Ie&vcs  are  aUached  to  the  lower  end  of  a  incUiUIc 
i,  whkh  paaoee  throuijh  an  opening  in  the  top  oE  a  bell<gla»i,  nn<l 
tn  a  boll,    llic  nitstallic  rod  b  sometimes,  for  the  sake  of 
<r  insulation,  inclotwd  in  n  glawt  tnbc  Hocured  hy  sealing-wax  or 
iC   othar  non-«otwlucUng  centent, 
,  for  tlw  MUtm  puqx»e,  the  upper 
of  t)i«  bell-glaafl  is  often  varnished 
sbellBc,  which  is  less  apt  tlian 
to  aci]uiro  a  deposit  of  nioUturu 
thuair.  Th«  boll-glass  Ls  attached 
<w  to  a  metftlltc  \<ai^,  which  ex- 
thfi  external  air.    For  the  gold- 
are  sometimeB  substitated  two 
fn,  or  two  pith-balls  atupended 
Udo)  threads;  wo  have  thus  thi: 
and  the  pitlt'bait 

To  test  whetlier  a  l>odf  ia  electri- 
it  18  brought  near  the  ball  at 
I  top  of  tl)«  i'lectruKO{)e.     The  like        ns  m-Ooid-iMr  ciMirMcoiN 
Idcttrieity  iii  rvp«>lle<l  itito  the  luaxtts, 

[ud  makes  them  diverge,  while  the  unlike  is  attracted  into  the 

IktU    The  sign  of  the  body's  charge  may  be  determiiicd  in  the 

Ifelbwiug  manner: — While  the  leaves  arc  divergent  under  the  iii- 

jilWMiG  uf  the  body,  the  operator  touches  the  boll  with  hi»  finger. 

iTUs  causes  the  Imvcs  to  collapse,  and  giv<»  to  tlic  iiwulatcd  oon- 

lAiQtor  composed  of  leaves,  rod,  and  hall,  a  diarge  opposite  to  that 

the  Influendiig  body.    The  finger  must  be  removed  while  the 

ing  body  remains  in  position,  aa  the  amount  of  tlio  Induced 

dvpcnds  upon  the  position  of  the  influencing  body  at  tiio 

nt  of  breaking  connection.    On  now  wilbdrawing  the  influencing 

3y.  thu  charg«  of  unlike  electricity  is  no  longer  attracted  to  the 

ll,  bnt  spreads  over  tlic  whole  of  tlie  conductor,  and  causes  the 

kVits  to  divcige.     If,  while  this  divergence  continues,  an  excited 

ins  tnbtf,  when  gmdually  brought  towards  the  boll,  diniinielies  the 

U^ergnnce,  we  know  that  the  body  in  question  wos  elwtrified  posi- 

<^ly.    If  it  incnasM  the  divergence,  the  l>ody  was  eloctrified  nega- 

»Bly. 

Qmt  caution  must  bo  used  in  bringing  electrified  bodies  near  the 
l-l«af  olectruscope,  as  the  leave«  are  very  apt  to  be  ruptured  b^ 
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quick  movementa.  If  they  diverge  so  widely  aa  ta  toach  the 
of  the  bell-glBflB,  it  is  often  diiScult  to  detach  them  &om  the 
withoat  tearing.  To  prevent  tbis  contact,  two  metallic  colutni 
inteiposed,  oommaul eating  with  the  ground.  If  the  leaver  di 
too  widely,  they  touch  these  columns  and  lose  their  electridtjr. 


■       UEASU 


UEASUREMKNT  OF   KLECTUtCAL  FORCES. 


olomb's  TorsioD-lMlaiieo. — Coulomb,  who  was  the  Gist  to 

tricity  Ml  accurate  science,  employed  in  liis  n.«cftrclic«  on 

t  which  is  oft«n  oUIcil  after  hi»  luiinc,  an<l  whicli  is  still 

y  employed.     It  depend»  on  th«  principle  that  the  torsion 

is  simply  proportional  to  the  twisting  couple.     We  shall 

ibe  it,  and  then  point  out  some  of  it«  applicationa. 

sts  of  a  cylindrical  glass 

Fig.  330).  from  the  upper 

which  rinea  another  (;lasr 

>D  of  mudi  smaller  dia- 

bia  .small  c}'lind«r  is  fitted 

with  a  braas  cap  a,  can^-* 

lex  0.     Outside  of  tl>i», 

)e  of  turning  roond  it,  is 

\p  b,  tbo  top  of  which  is 

ito  SCO  is]iial   parta.     In 

of  the  cap  6  k  an  opening 

hieh  paMM  a  small  metal 

I,  capable  of  turning  in 

ng   with   moderate   fric- 

liavinif  at  ita  lower  end 
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walc  runs  round  the  ouUide  oi  the  lai-ge  cylinder  in  tbe  planitl  lb» 
Dceiilc  Finally,  opposite  the  zero  of  thLsBcaU*.  tln-ro  is>flx<x)Utg 
of  Home  cunducling  material,  supiKirtcd  by  a  rwif  of  KhclUc,  whidt 
p&NSuH  tlirou^fh  a  liulu  in  tlit:  cowr  of  tliv  cylimlrieal  cue. 

567.  Laws  of  Electric  Repulsion. — Tu  illuslrnt«  tbo  uwde  of  <n^ 
ploying  this  apparatuii  foi-  clvctrtml  mcwurvmcnt*.  wv  nball  eH>h|^| 
the  course  followed  by  Coatonib  in  investigating  the  law  aMuntiB^^ 
to  which  electrical  repulnioat  and  attractioDu  vary  with  the  disUBn. 
I'ho  index  is  set  to  the  zetx)  of  the  scale.    The  ionor  cyliader  di  a 
tiK-n  tumi^d,  until  the  movable  ball  just  touches  Uie  Sxc-d  ball  witiunl 
any  toiv-ion  of  the  wire.     Tlie  tixvd  ball  is  thvn  taken  out,  |il>cal 
ill  coitiiiitinication  with  an  el«ctr!ticd  body,  ami  reptaood  in  tW 
apparatus.    The  electricity  witli  which  it  is  charged  i»  eaanii- 
nicated  to  the  niovalile  tjatl,  and  cau«c»  tl>e  repubuon  of  tbii  klkr*~ 
t3irough  a  number  of  degi-ees  indicated  by  the  scale  which  bbiwwI^ 
tltc  easo.    In  this  position  the  force  of  rupulsion  is  in  eqnilibnao* 
with  tile  force  of  toraiou  tending  to  bring  back  the  b&U  to  iU  oti^jiskt 
])Ositioii.    Tho  gnulunted  cap  b  is  tltco  turned  so  an  to  oppae  A' 
repuUion.    The  movable  ball  i.s  tln»  brought  ni^arer  to  the  hft 
hall,  and  at  tlie  same  time  tlie  amount  of  tonion  in  the  win  i> 
increased.    By  repeating  this  procaae,  we  obtain  a  number  at  S' 
ferent  positions  in  which  repulsion  is  balanced  by  toraioa    M 
we  know,  from  the  laws  of  elasticity,  that  the  force  {^lietij  tt< 
couple')  of  torsion  is  proportional  to  litu  anglu  of  tomion.    U*M*f* 
hare  only  to  compare  the  total  amounts  of  totsion  with  tlM«Eiitni 
of  the  two  Iialls.    By  such  comparisona  Coulomb  found  that  llwfiM 
of  electrical  n-puLsion  varies  invenett/  a»  tha  «yuoro  oftAt^^o* 

llie  following  are  the  actual  numbera  obtained  in  om  of  tki 
experiments.  The  original  deviation  of  the  movable  halt  bmf  ", 
it  was  found  that,  in  onler  to  reduce  this  distance  to  W,  il  «• 
necessary  to  turn  tlio  head  through  1S6',  and,  for  a  farther  kJikIM 
of  tho  deviation  tu  S^'n,  an  adtiitioiial  rotation  througft  W  ^^ 
required.  It  will  thiw  be  jierceivcd  that  oi  tin-  distances  of  I^'  '■' 
and  8**5,  which  may  be  practically  considered  aa  in  the  imlio  d  1.^ 
and  I,  the  forces  of  repulsion  were  equiUluated  by  tooioia  rf  '• 


rfAf 


*  Tbo  repuUIn  toroe  on  the  ii>otbU«  ImU  ia  «q«iTC)«rt  lu  »■  «!*■) 
Mtingat  Uwemlr*of  tlMtw*dU(tli«pnUit(if  BUaoliMMitof  tka  vinlaMiriii^r^* 
MTB  ii  llu  pDrpendlmki  (reon  lUi  nntis  oil  1^  UiM  Jafailac  Ui«  Wk    nkM(l*^ 
baaquit  to  th*  couple  el  tordon.    The  otturtamfoiiiiaifniupmnmiU 
WipWuBng  fir*  tnnn  th*  *vrtk>l. 
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+  18*=144°,and  441  +  126+8-5=675'-5  reepcctivoly.    Now  144 
x4,  and  575-5  may  be  considered  ns  576,  or  36x16.     Hence 
tlint,  OA  th«  distance  is  divided  by  S,  or  by  4,  tlio  force 
u  raultipliwl  by  4  or  by  IC,  which  preciwiy  agrw*  with 
Utr  enunciated  above. 
S48.  Bqtuitiott  of  Squilibritun. — Vie  must,  however,  observo  Uiat 
lis  mode  of  rediicing  tbe  ol«<:r- 
os  two  inaccurate  aASumptioiui 
made.    First,  the  distance  lie- 
tlie  balls  is  regarded  as  being 
to  Uie  arc  which  Ues  between 
I,  whareaa  it  in  roally  the  chord 
are.    Secondly,  the  foroo 
ion  is  regar<Ii.-<l  as  acting 
ij*  at  the  name  artn,  whereas 
arm,   being  the   pcrpondictilar 
tlia  eeotre  on  the  chord,  dioii- 
■  as  the  distance  increoaea.    The  following  investigation  ia  mon 


PIC.M« 


It  AOB  (Fig.  340),  the  angular  distance  of  the  balls,  be  denoted 

I,  and  lui  I  be  the  lengtJ]  of  tlio  radius  OA.    Then  the  chord 

ii  2i  sin  )  o,  and  tliv  ami  OK  is  f  cos  Ja.     Let  /  denote  the 

of  nptilsion  at  unit  distance,  and  n  the  couple  of  torsion  for  1°. 

ba  iii«  force  of  repulsion  in  tb«  given  poeitjon  is  nr^jirri  >f  the 

of  tnvsrse  aquarca  be  true,  and  tlic  moment  of  tliis  about  the 

is  /j^jjiV  ^^i^  must  be  equal  to  nA,  tf  A  be  the  number 

igreci  of  tordoo.     Hence  wc  have 


^-Adal^Un)*, 


as  the  first  member  of  this  equation  is  constant,  the  second  mem- 
Uttst  be  couHtant  also  for  dillon-ut  values  of  A  and  a,  if  the  law 
aquaroa  be  true.    The  degruc  of  constoucy  is  shown  by  the 
wbg  taJile:— 

«  A 

lA  niMriBMM, M  M  ^«ll 

SI  MrtriuMD*. 18  144  g-sn 

adovwlBBnl,  .........      S-S  m«  8-ld8 

t  ST*  s-Bsr 


A«4n  laUa  la. 


between  the  first  and  second  numbers  of  tlio  last 

M 


-  •  — "•  — —  — V~ -B    —  ■    -— .- ^-p  - —  f  ^ 

ball  can  be  obtained.  On  eomparin^  tiw  distAnoM  witj 
aponding  tuKions,  it  ia  foiiiul  that  Uic  :«am<.-  Uu-  )iu1<Lh  u 
of  repulHioii.  Ilie  experiuicjit,  however,  u  dillicutt,  aod 
sible  wh<;ii  the  balta  are  very  feebly  electrified.  To  | 
contact  of  the  two  balls,  Coulomb  lixed  a  eilk  thread  ir 
m«nt,  so  as  to  stop  tJie  courso  of  the  mox-ablu  liall. 

570.  Law  of  Attraction  and  Kepnlsioa  as  <tep«ndiiig-  m 
Charge. — Wo  may  assume  as  cvidcut,  tliat  when  an  ole 
i^  pWud  ill  coiituL't  with  n  prcctficly  equal  and  aiuiilar  bkl 
will  he  divided  equally  bctwbon  th«iit,  so  tliat  Uto  fits! 
only  half  tlie  cliai^  which  it  had  befor«  contact. 

Suppose  that  an  observation  on  repulmon  has  just  bea 
the  toninn-balanoe,  and  that  we  touch  the  &cecl  ball  m 
exactly  equal  innulatt^  ball,  which  we  then  ruuiove. 
found  that  the  amount  of  torsion  requisite  fur  kveping  I 
ball  in  its  observed  position  is  just  Iwlt  what  it  was  Ig 

*  W*  b»v*  >lnm<l;  mm  tluit  Hit  mntokl  faidnetka  «f  two  otnfaatii^fl 
thth  nmtnkl  wpnlrimi,  Md  tlint  tliU  indiirti  vt  artka  (namw*  nan  bufitrtm 
b  diiDiidiheil.     UniM  tbs  r«pBl»Ioai  kt  ilUMiwa  B  ilMaU  be  bia  tlikS  i 
dlMMiM  18.    ^0  kppvsnt  tttor  tbw  omAmM  IIn  Uw. 

Uknj  penoiu  h&<r«  ■ddooed,  u  t<niliii)[  to  onMbiow  OoaloHb'*  Uv  1 
«ip«rinicDUl  mulM  which  t««Uy  omflnii  It.  BMi*pt*bHiUM4laHaikHI 
bodw*  M*  T*f7  noall  ia  toapuiiou  with  (be  dbUaov,  th»  otaarrad  atUttIt 
U  tho  NnlUnI  o(  an  infinit*  nuiulwTot  foiMS  Mttng  «l»af  Una*  dmwn  tM 
peiiiU  of  tlia  on*  body  to  th*  iilUnatl  poteb  iJ  llio  olbw.  TW  Uv  <(  I 
MpjAlt*  dinctly  to  tlieM  Mfafil  ocanpcnonU,  and  not  to  iIm  will— I  «U)h  l| 
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ntult  M'ill  Ui  ubtaiacd  by  toudiing  the  luovalilc  bait  with  a 
of  ita  own  size.     We  coiicludo  tlint,  if  Uic  cliargo  of  titlior  body 
!  altered,  the  attractive  or  r«{>ulr>ive  force  b«two«ii  tbc  bodiL<8  ikt 
$veo  dtstanoe  will  be  altered  in  the  saiue  ratia    The  law  Is  not 
aly  true  for  bodies  of  finite  aiae,  unless  the  distribution  of  tlw 
ctricity  on  the  two  bodies  remains  unchanged.    'When  Die  two 
are  very  small  in  all  their  dimensions  in  comparitwn  with 
I  dif  nre  betwcvn  them,  their  mutual  force  is  represented  by  the 


«• 


and  '/  denoting  tlioir  diargM,  and  D  the  distance.    If  this  ex- 
uon  tuut  the  pwitive  alga,  tlie  force  is  repulsive,  if  n^^ve 
ive. 
071.  Qeottieity  resides  on  the  Surface. — Electricity  (sulyoci  to  the 


tknu  meutjooed  below)  residee  exclusively  on  the  external 
I  of  a  conductor.  TIuh  b  periiaps  hnpUed  in  tlie  csporimental 
I  frequently  observed  by  Coulomb,  that  when  aitolidond  a  hollow 
)  at  equal  external  dianict^r  arfl  allowed  to  touch  each  other, 
'  charge  painaioJ  hy  eiUier  'u  divided  etiually  between  tlieuL    A 


very  ^'^^'HtlMlfK&ffSSlF'^^  reason  of  this  is,  that  it  is  tc 

to  remove  tfie  hemispheres  so  steadily,  as  not  to  pemut  ( 

to  toucli  the  Hphore  oftvr  th«  first  Mparatiou. 

Tlic  following  is  a  much  surer  fonn  of  the  expuriment} 

A  hollow  in.'iii1at«d  fiphcre,  witli  an  orifice  in  th«  top, 

with  vioetr! 
342).  A  jx 
coosihUi^  ( 
disc  of  gilt] 
latcdbyst; 
of  sliolUt;!) 
plied  to  a 
DurfiKy!  of  t 
and,  wtien 
an  eliictrie 
or  an  elect 
fotmd  to  t 
trace  of  eled 
if .  on  the ! 
disc  be 
"I  ni&l.! 
;i  n>.it 
to  be  «l«et 
capable  of 
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foUowiog  experiment  a  also  (Iu«  to  Faraday.  A  Dietal  ring 
d  opoD  m  insulating  aUnd  (Fi^.  343).  To  this  ring  b  attoctini 
hifa^wd  bag  of  fine  Unon,  whidi  i*  n  conductor  of  cl>.>ctricity. 

thread,  atUchcd  to  the  apex  of  tlie  cono,  and  cxtctidinf;  both 


^_  tht  W.— r*niUT'i  Bipcdment 

vaablM  the  Operator  to  turn  the  bag  inside  out  a»  often  a» 
sd.  irithout  disclturglng  it.  \Vhc-n  the  bog  is  electrified,  the 
»tJon  of  the  proof-plane  alwftjrs  nhows  that  tlicre  in  ok-ctricity 
I  out«r,  biiC  not  on  the  inner  aurface.  When  the  bog  in  turned 
out,  the  electricity  therefore  pasMS  from  one  siirfaoc  of  the 
U>  the  other. 

>  Limitations  of  the  Rule. — There  are  two  exceptioai  to  the 
at  electricity  is  contined  to  the  external  surface  of  a  conductor. 
i  does  not  hold  for  electric  currents.  We  ehall  aw  hereafter  in 
stioo  with  galvaoie  electricity,  that  the  rooiatance  whicli  a  wire 
■en  length  opposoa  to  the  pamage  of  etoctricity  through  it, 
h  Dot  upon  its  drcumfuronce  but  upon  ita  sectional  arc*.  A 
r  wire  will  not  conduct  electricity  .<)o  well  as  a  solid  wire  of  (he 
external  diameter. 

Ucctricity  may  he  induced  on  the  inner  surface  of  a  hollow 
rtor  by  the  presence  of  an  electri6ed  body  insulated  from  the 
rtor  itself.  If  an  insulated  body  charged  with  ulectricity  be 
need  into  the  interior  of  a  hollow  conductor,  so  as  to  be  ooni- 
f  sotrounded  by  it,  tiut  atiU  ioAuUitcd  from  it,  it  induces  upon 
nar  surface  a  (]UAntity  equal  to  its  own  diarf^.  but  of  opposite 
IMibe  oonductur  is  imtulatvd,  lui  ciiiial  ipiantity,  but  of  the  same 
^b  cSiargt  of  ths  inclosed  body,  is  repelled  to  tlio  oubsidc,  and 
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this  is  true  whether  Uie  conductor  has  an  indopcndent 
Oflm  or  not.     In  this  coso,  then,  wc  h»ve  fU-ctridtjf  rou< 
the  uxtomnl  and  the  SnturniU  surfocw  of  a  hollow  eon<ltidi 
etUl  rositk^s  only  on  the  suifecw. 

If  A  conducting  body  connected  with  tlte  eartli  l>e  intrtxi 
the  interior  of  a  hollow  charged  conductor,  so  ar  to  be  pull 
rounded  by  it,  the  body  thus  introduced  will  aciioire  an 
chargo  by  induction,  and.  by  the  reciprocal  actiim  of  thi 
electricity  will  be  induced  on  the  innvr  at  the  expense  of 
surface  of  tht-  hollow  conductor,  juat  art  in  tlie  preceding  a 
573.  Ice-pail  Experiment, — The  effect  of  introducing  i 
body  within  a  hollow  conductor  is  well  illuatrated  by  the 
experimonta  of  Faraday.    I^t  A  (Fig.  S44)  repreomt  an 

pewtor  ice-pail,  ten  and  a  half  tn 
and  seven  inches  in  diainet«r,  < 
by  a  wirti  with  a  dolicftte  gold-k 
Bcope  E,  and  Ivt  C  be  a  round 
insulated  by  a  <lr^'  threai.)  of  V 
three  or  four  feet  in  length,  so  aa 
the  influence  of  the  hand  ho< 
Uic  ic«-pwl  below.  Let  A  be 
diechnr^i.Ni,  tin<\  let  C,  after 
at  a  <liHtanctf,  be  introduced  inl 
tlie  figure.  If  C  l>e  poeitiii-e. 
divei-ge  i>o«itivfly;  if  C  be  tokoi 
will  collapse  perfectly,  the  appan 
in  giood  order.  Aa  C  cntan  Um 
the  diTeigenoe  of  E  will  incroM 
alxiot  Uirra  incliut  beluw  the 
vessel,  and  will  rotnain  <}ait« 
unchained  for  any  greatAr  dtfn 
C  be  made  to  toudi  thti  botlaoi 
its  charge  ia  communicated  to 
upon  Wing  withdrawn  and  examined,  ia  foond  perfectly  di 
Now  Faraday  found  that  at  the  moment  of  contact  of  C 
bottom  of  A,  not  the  aligbteat  cli&nge  took  place  tn  tbe  >1 
of  the  gold-leaveai  Hence  the  charge  prortowly  developed 
tion  on  tlie  outside  of  A  raunt  liavo  bean  pretiMily  etpt 
acquired  by  the  contact,  that  is,  nttat  have  "beta  «juL 
charge  of  C 
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[«aployed  four  ico-pftiU  (Fig.  345),  arranged  one  within 

b*  mniJiuet  imiL^rutoet.  imtulsU-il  from  each  other  by  pUtut 

4  tlio  botboni,  tlio  outonncst  pail  boing  connectvO  with  tti« 

•.     \Micn  the  charged  conitr* 

Btroducv'l  within  ihoinaennost 

lircr«<l  until  it  touched  the  hot- 

lectrometer  (tuvo  prei-i-t^Ij-  tlie 

Miona  as  when  the  outermost 

(plcqred  atone.  Wbea  the  inner 

[ft4.-d  out  b;  a  silk  thread  after 

h«d  by  C.  the  gold- leaves  cul- 

JMtly.   \\'h«»  it  was  introdured 

jopcnod  out  to  the  mme  extant 

I  When  4  and  3  were  connected 

0t  down  between  them  by  a  silk 

Imtm  r«inaino<l  uncliaimud, and 

&  remainc-d  wht-a  H  and  2  wcto  -,  i  ■^ w  .  ■ 

Wd  finally  when  all  four  pails     ^-/^  vj-   _;    ->y 

JForoa   witiia  a  Condnotor, —      A 
jollow  conductor  ia  electrified, 

tr»n«ly.  no  effect  is  produced      "*  «i-«^p^™' •">■  »*« 
balU,  gold-leaves,  or  any  other 

lo  appumtua  in  the  interior,  whether  connected  with  the 
ductor,  or  imtilatwl  from  it,  provided,  in  the  latter  caae, 
|kvs  no  oominunicatioii  with  bodinii  external  Ui  the  hollow 
I  Faraday  constructed  a  cubical  box,  measuring  12  feet 
externally  with  copper  wire  and  tin-foil,  and  inau- 
Do  earth.  He  charged  tUia  box  %'ery  strongly  by  outside 
with  a  powerful  electrical  machine ;  but  a  gold-leaf 
within  showed  no  ctEect,  He  Mys,  "  I  went  into  the 
in  it,  nciog  lighted  candles,  electrometers,  and  al  I  other 
rioal  states.  I  eould  not  find  tliQ  least  influence  upon 
^cation  of  anything  particular  given  by  them,  though  all 
i«  outaide  of  the  cube  v&s  powerfully  charged,  an<l  large 
bcuabeB  were  darting  off  from  every  part  of  ito  outer 


<  i^Mtricity  roaidea  only  on  the  external  surface  of  a 
Vombinod  witli  tite  fact  tltat  there  ia  no  electrical  force  in 
Josed  by  this  surface,  afibrxLi  a  rigorous  proof  of  the  law 
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of  invcne  squares.  For  if  tiie  condactor  bo  a  sphcro  maowd  I 
Uio  influence  of  external  bixlicB,  iU  diitr^>  mtutt  b«  ^tribHil 
uniformly  over  its  surface.  Nov  it  adtnita  of  proof,  and  u  vd 
known  to  nmthematicians,  that  a  uniform  ttphvrical  nUfU  i>icri*  u 
attraction  at  any  point  of  the  interior  ttpaoe,  if  thi-  taw  i>f  altivt'* 
be  that  of  invonte  squares,  and  that  tlie  int«mal  attractioB  dor*  M 
^niiisli  for  any  otlicr  law. 

575.  Electrical  Density  and  DifltribntiOD. — \S'hen  lfa«  proof-pliar 
la  applied  to  difforont  prtrtA  of  the  surface  pf  a  oonditetor,  tli?  ijuu- 
tities  of  electridty  wliicli  it  oarriM  olT  are  not  luualljr  oqiuL  ht 
tlic  electricity  carried  ofl'  by  the  proof-plane  is  aimpty  the  «l«dnein 
which  resided  on  the  part  of  the  surface  coTercd  by  it,  for  tbe  prod- 
plane  during  the  time  of  its  contact  is  virtually  port  of  (be  roilM 
uf  th«  conductor.  \Vc  must  tliorL-foro  conclude  that  equal  arwa 
ditfcrcnt  parts  of  the  surface  of  &  conductor  have  not  equal  mattt 
of  electricity  upon  them.  It  Ls  also  found  that  if  the  cbais*  of  t* 
conductor  be  varied,  the  electricity  resident  upon  any  HptdM 
l)ortion  of  the  surface  is  changed  in  the  same  rotia  Tbe  ratio  of  A> 
ijuautitiea  of  electricity  on  two  spedfled  portions  of  the  taittn  kk 
fact  independent  of  the  charge,  and  depends  only  on  th«  form  oft 
conductor.  This  is  cxproiwed  by  saying  that  dUtrihutitm  h  i 
pendent  of  chorf^c,  and  that  the  distribution  of  electricity  CB  l 
Kurfacc  of  a  conductor  depends  on  its  form. 

By  tlie  average  dttArical  deiuntg  on  the  whole  or  any  i 
portion  of  the  surface  of  a  conductor,  is  meant  tbe  i|uanttty  of  i 
tricity  ujwn  it,  divided  by  its  area.     By  the  tlectrit^  dnntf  i 
tfpedfied  point  on  tbe  eurfaoo  of  a  conductor,  is  meant  tbo  i 
electrical  density  on  an  exceedingly  small  area  surrooo'ltDj  1^1 
other  words,  the  quantitij  of  electricity  jter  unit  area  at  tbe 
The  name  is  appropriate,  from  the  analogy  of  ordinary 
density,  whidi  is  ma.<«  |>er  unit  volume,  and  is  not  mteadgd  lo  1 
any  hypothetiia  an  to  the  nature  of  electncity.    Tbo  name  <ru  I 
duoed  by  Coulomb,  who  Sret  investigated  Uie  sabject  in  qa 
and  is  generally  employed  by  the  beat  electiiciana  in  this  i 
Tlia  term  tliidmesa  of  dtctrieai  stratum,  which  waa  intfodnetJ  I 
Poiswn,  is  much  used  in  France,  but  ia  more  open  to  objcetiaa  I 
tbe  Goano  assumptions  which  it  seems  to  involve. 

Tlio  following  are  aomc  of  Coulomb's  noults.    lie  Aattei  bm\ 
each  of  tile  Sgures  is  intended  to  mprosftnt,  by  its  distonm  trtnl 
outline  of  tlie  conductor,  the  electric  density  at  each  point  d  I 
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lo  all  caftM  it  is  to  bu  understood  that  the  oondnctor  b  no 
avwl  fnim  extomol  bo<lius  as  uut  to  Iw  influenced  by  thera: — 
Spker*  (Fig.  S4C).     Th«  ulo«tric  duiuity  is  the  same  for  all 
on  th«  surface  of  a  .iphvrical  conductor. 
Uimfid  (Fig.  347).    Tlie  density  U  grvfttcst  at  Ibu  ends  of  th« 
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,  ood  iMBt  at  th«  ends  of  Ute  «horto«t  axis;  and  the  densities 
I  points  are  simply  proportional  to  tli«  axvs  thcmsvlvus.* 
E<i(  Oi*c  (Fig.  344).    The  density  is  almost  inappreciable  ovvr 
[  wboli)  uf  both  faces,  except  close  to  the  edges,  where  it  increases 
.per  mltum, 

tr  with  HtrmitpKerieai  Ends  (Pig.  340).    The  density  is 
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iitiani,  and  nurly  uniform,  at  paru  remote  horn  the  ends,  and 
■  maxinum  at  the  eads.  The  ntio  of  the  density  at  the  unds 
at  the  sides  ineiMses  as  tbo  radius  of  the  cylinder  dintiiiisbes, 
length  of  tlio  cylinder  r«inainisg  tJie  same. 
Sfilktnt  in  CVrtfuiY. — In  tlie  case  of  equal  spherea,  the  charge, 
h  b  DoUiing  at  the  point  of  contact,  and  very  feeble  up  to  30* 
that  points  incrcoaeB  very  rapidly  from  30°  to  (K>^  loss  rapidly 
fiO"  to  90*.  and  atinost  insensibly  from  90°  to  180".  Wht-n  the 
are  of  unequal  eizo,  the  cliorgc  at  any  point  ou  the  sniallvr 

mt/mmwUj,  tba  dmitj  ■!  uqr  fi«iiit  on  tho  turf*M  «(  ui  «IUp«>Id  i*  luujullanal 
iMfia  <4  B  inrpoiiilkalw  from  tk*  owln  at  Ote  elllpw^d  on  4  uxgcot  pUat  kt  Uie 

IS  Jllwfcl  ibBlkr  aad  newly  a)iikl  totb*  KivmaMk  Im  pUciJ  m  tlial  Uk  com- 
II  aa«  d  ik«  i««  km  wtoctJom.  wo  ■litU  Iikk  a  iklK  dUpKiidal  dwU,  *h>«M  Uuck- 
Mf  (dat  iiucU7  rffcwanu  Uw  oletMo  diiulty  u  thftt  ])«aiil. 
»  AtU.  (f  aonpawd  el  bonugnooin  mkIUv  itluwiini  InToneljr  m  tb«  iqiMn  of 
meU  HndM  m  ion*  M  pobto  fn  ila  Interior. 


insni 


"  [MtMiuiimi,  ma  ma  ■oniani 

y  to  ki>«p  the  Iwlls  at  n  ccrtAio  distanoo  aaundor  m 
He  Uien  repeated  the  experiment  with  elMiricity  taken 
ferent  point  of  the  body  under  examination,  and 
densities  at  the  two  points  vtaa  given  by  the  ntio  i 
neceasarj'  to  keep  thu  balk  at  tho  same  distanooi 

By  way  of  cbeckinj;  th«  accuracy  of  tliis  mode  ot  > 
Cuulumb  viectriiicd  an  insulatud  aphcru,  and 
density  on  ibf  surface  by  t}io  metltod  itoKiibed  than 
toucliud  tho  sphere  with  anotlier  prociMuly  equal  sphere,  ■ 
applying  lliu  proof-plane  he  found  Uiat  the  charge  < 
plane  woa  juitt  half  what  it  had  been  befora 

577.  Alternate  Contact. — The  above  experiments 
some  time,  during  which  the  body  imder  investigation  1 
losing  ita  cliarf^o.  TiiL-  eunsoquenoe  is,  that  the  denaitin 
by  the  balaocc,  if  token  singly,  do  not  oorrecOy  re{ 
(ilcctriv  distribution.  Tliis  source  of  error  waa  avoided  1 
in  tlie  following  manner.  Ue  touched  two  points  on  Ui 
cc«8ivi,-ly,  and  deti^rmined  the  electric  den.<tity  at  each ;  aoii 
an  interval  equal  to  Uiat  between  the  two  oxpwrimii 
the  fimt  point  again,  and  obtained  a  second  meaaut 
which  was  leas  tlmn  tho  lirst,  on  account  of  the  dian| 
tricity.     If  the  densities  tliU8  uUwn-ed  be  denot«d  l^^ 

tho  denaity  observed  at  the  second  point  by  B,  it  ia  ««fll 
.gjirtw^and  ^  lew  than  Iha  mUo  reauirad.    Gnukth 
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■0  the  eliarpost  convi-xity,  and  that  in  dqmasHHifl  or 
iii  Htunll  or  altugi^tlicr  insensible.  Thc<»y  Bbows  that 
ly  nliarp  «<lgc,  audi,  for  vxjimplo,  as  m  fonued  by  two 
Dg  at  any  angle  however  ubtuw,  but  not  roujuled  off^ 
Dusi  be  infinite,  anil  a  j'vrtiuri  it  must  be  intinitu  at  a. 
up  point,  for  cxniii[il<>  at  tbv  apex  of  a  cone,  howevi<r 
Ot  rounded  <^.  Proctiuilly,  the  pointa  and  edgea  of 
in^  roundfld  off;  the  microscope  i>howa  them  uiemty  on 
J'  aliaip  convexity  (thut  is,  of  very  email  radius  of  curva- 
noe  (be  cloctric  donsily  at  tlioec  places  is  really  finite; 
[ly  groat  in  coiuiinriwii  with  the  density  at  other 
especially  tnie  of  \'vxy  Muto  point«,  such  115  Uie 
lo.  The  consequeDce  is,  that  if  a  pointed  coii- 
ited  and  charged,  the  concentration  of  a  large 
lepulsive  force  witliJn  an  exceedingly  small  area  pro- 
lapid  escape  of  electricity  at  the  points.  Conductors 
retain  a  charge  of  vlcctrietty  mu&t  liavo  no  points  ur 
must  be  veiy  nmootli.  If  of  considernble  Imgth  in 
p  their  breadth,  they  are  tisually  made  to  terminate  in 


itioD  of  Charge. — When  an  insulated  conductor  b 
left  to  itftetf,  Its  clk&r^  ia  gradually  dissipated,  and  at 
Italy  disappears.  This  losii  lakes  place  purtly  through 
and  partly  through  the  air. 

the  aupportH,  tlie  lo^  occurs  chiefly  at  their  surfad', 
'as  is  tLstialty  the  ca^)  they  are  not  perfectly  dry.  It  is 
ly  dintinishing  their  perimeter,  and  by  iacrrasing  their 
txample,  a  long  libre  of  glasB  or  raw  silk  is  an  excellent 

tti«  air,  yre  must  dintinguiah  between  conduction  awl 
Ver>'  hot  air  and  highly  niivGed  air  probably  act  as 
Init  air  in  the  ordinary  condition  acts  chiefly  by  con- 
[i\'GCtion.  Successive  layers  of  air  become  electrified 
irith  the  conductor,  and  are  then  repelled,  carrying 
itidty  whicl)  they  hav«  acquinnl.  It  is  by  an  octioQ 
tluit  electricity  Mcape*  into  the  air  ftx)m  points,  as  is 
wind  wbidi  p«.>«es  off  from  them  (g  598).  Partides 
t  in  the  air,  in  like  mauntr,  act  as  carriers,  bi-ing 
the  conductor,  chared  by  contact  with  it,  and  then 
ley  also  frefjaently  adhere  by  one  end  to  the  conductor. 
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and  thua  constitute  pointed  projections  through  which  ekctridtj'ii 
discharged  into  the  air. 

Coulomb  deduced  from  his  ol^ervationa  on  dissipation  of  ebtip  i 
law  precisely  analogous  to  Newton's  law  of  cooling,  namely,  tbn 
when  all  other  circumstances  remain  the  same,  the  rate  of  touii 
simply  proportioTial  to  the  cliarge,  so  that  the  charges  at  eqnil 
intervals  of  time  form  a  decreasing  geometric  series.  Sabeeqnot 
experience  has  coniirmed  this  law,  as  approximately  true  for  modente 
charges  of  the  same  sign.  Negative  charges  are,  however,  dissipata) 
more  rapidly  than  positive. 


fXEcniicAL  machines: 


Bectric*!  MMhines. — The  firht  electrical  mdchine  was  invented 
D  Guvrickw,  U>  wlioui,  aa  we  have  already  &e«n  (§  229),  science 
|M«<I  for  ih«  invention  of  the  air-pump.  It  ooosisted  of  a  ball 
Ibur  which  waa  turaed  upon  its  a?us  hy  one  person,  while 
r  held  bis  handii  upon  th«  ball,  tbiui  causing  tJte  friction 
try  for  the  production  of  vloctridty.  The  result  was  that 
^be  wu  DOgativi>ly  elodriti«d.  and  the  positive  clectricity 
I  into  the  earth  through  the  li&nda  of  the  operator.  Thin 
p,  however,  wa.*)  cayiahle  of  producing  only  very  fi;eble  elfcctn. 
t  sparks  obtuned  from  it  were  visible  only  in  the  dark.  An 
b  philoeopher,  Ilawkabee,  sulwtitutcl  a  globe  of  gla.sa  for  tlie 
it  sulphur;  tho  ck'ctricity  thus  obtatitvd  was  positive,  and  the 
I  obtained  by  the  new  iiiadiine  were  of  oonsidcrablo  bright- 
^le  nuebine,  ))owcv<-r,  wan  for  th>*  time  Rup^rsoiiixl  >yy  the 
glass  tobea,  which  continued  to  be  the  favourite  instnitnenta 
leratiiig  eteictrictty  until  the  middle  of  the  eighteenth  century, 
t  German  philoeoplior,  Boze,  professor  of  physics  at  \Vitt«m- 
jevived  an<l  [wrfoctvii  Hawksb«o's  nischlne,  which  became 
Ully  adopted. 

kSO,  which  ia  taken  from  tJie  Lef<m«  de  Phygique  of  tho  Abb4 
paUiahed  in  1707,  shows  tlie  arraugoineut  of  tho  machii 
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tad  d«f<*etive,  wu  nevertbelofls  long  used  for  want  of  a  better,  though 
wuaij  stk-jiijitA  wen  made  to  replace  it  by  the  luo  of  rabbera  of 
_ia«th«r,  •tutfed  with  liiur,  and  priNuwd  against  the  globe  by  means  of 
tilatin^  Derm's.  The  shape  of  the  globo  rwidored  the  use  of  thoie 
dtlfieult,  aiiil  it  watt  not  unUl  a  cylinder  was  »ubstitut«d  for  Iho 
ohe  that  they  were  generally  adnpM. 

BaiDsdeo's  Hachine. — Hie  kind  of  maeliine  most  oommonly 
9ycd  at  prvwni  is  the  plat^-machine.  titveDt«d  by  RamadeD  about 
i,  and  only  slightly  changed  and  improved  sittcc. 
Tbr  most  iiHtiRl  form  of  tliut  inadiiD^  is  tthown  in  F^g.  351.     It 
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studded  vith  points  projecting  towarda  it  The  plate 
charged  with  positive  electricity  by  friction  against  the 
and  gives  off  ito  electridQ*  through  the  points  to  the  two  oood 
or,  what  amounts  to  the  same  thing,  the  oonductoni  giw  offncgl 
electricity  through  the  points  to  llic  pottitivvly-olodrifiecl  plat«. 
order  to  avoid  loss  of  electricity  from  ttiat  portion  of  the  plate  wl 
i»  posting  from  the  cu.ihiom  to  the  points,  sector-aha|>ed  piea 
oiled  silk  ore  placed  so  as  to  cover  it  on  both  aides.  The  nuki 
become  negatively  electrified  by  the  friction;  utd  the  madiiw 
nut  continue  working  uuU-«s  this  negative  electricity  ia  allowid 
CHcapc.  The  cushiom  are  accordingly  connected  with  tho  eutll 
niHins  of  luotal  plates  let  into  their  supports.  fl 

S82.  Limit  of  Char^. — As  the  con<lucloni  become  more  ^ 
charged,  they  lose  electricity  to  the  air  more  rapidly,  and  a  timet 
arrives  when  they  lose  electricity  aa  fast  aa  th^  receive  it  fnwp 
plate.  After  this,  if  tho  machine  continues  to  be  worked  unifon 
their  cliargo  remtiina  nearly  oooataut'.  litis  limiting  onxiOBl 
charge  dcpouds  very  much  upon  the  conditioo  of  the  air;  aod 
damp  weatlior  the  macliine  often  refu-ses  to  work  unleaa  «padal  nW 
are  employed  to  keep  it  dry. 

The  rubbers  ore  covered  with  a  metallic  prviiomtioo,  oCj 
several  different  kinds  ore  employed.  Soroetiuiea  it  t»  Uiui 
called  aumm  mu«ii'u.m  (biitulphido  of  tin),  but  more  frMji 
niiialgom.    Kieiuiuuer's  amalgaui  oousiats  of  one  part  nf  i 

tin,  luid  two  of  mercury.  The  i 
^n  ia  mixed  with  grease  to  make  iti 

iA  to  tbe  leather  or  sJlk  which  funwl 

S^  face  of  the  coahioo. 

I  Before  using  the  machine,  th«  ^ 

^^^^^.i^^^^^m  l«gs    which    support    the    anihrt 

fAB^^^^M^g^^^  iihoiild  bo  wiped  witJ)  a  wana  i 

^^^^^^^^^^^^  doth.    Tho  plate  must  aW  l«  dtai 

....  .u  s.Tunteoti.      from  any  dust  or  portioiM  of  aaulf 

which  may  adbera  to  It,  atul  Ml 
dried  with  a  hot  cloth  or  paper.  When  these  prvcautiom  an  tik 
the  machine,  if  standing  near  a  fire,  will  always  work; 
charging  of  Leydcn  jars,  and  especially  of  batteries,  may  ha  i 
impossible  by  bod  weather. 

The  variations  of  charge  ore  indicated  by  the  quadrant  i 
(Fig.  35S),  which  is  attached  to  one  of  the  condaetots.    It  i 
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of  ta  upright  oondactjng  stem,  supporting  a  quadrant^  or  more  com- 
nonly  *  seoticircle,  of  ivory,  at  whose  c«Dtre  a  light  noedle  of  ivory 
IB  jointed,  auTying  a  pith>biUl  at  its  end  Vrlien  there  is  no  charge 
ia  tbe  coaductor,  this  pendulum  hangs  vertically,  and  as  the  charge 
bwreaaes  it  is  repelled  further  and  further  from  the  Btcm.  In  damp 
w«alher  it  will  b«  observed  to  return  to  the  vortiad  poBition  almost 
immediately  on  oeasing  to  ttini  the  timrhino.  white  in  very  favour- 
ftUo  cireumstanoes  its  gives  a  sensible  indication  of  diarge  after  two 
nr  three  minatea. 

083.  Mairse's  Kachine. — Ramsden's  machine  fumiflhefi  only  poftitlve 
ridty.    In  order  to  oijtain  negative  electricity,  it  is  necetiiaaiy  in 
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the  cushions  from  tho  ^rwind,  and  to  place  them  in  com- 
jication  with  an  insulated  coi>ductor.     Ad  arrangement  of  tJiis 

is  adopt**!  in  NairncV  machine. 
lo  this  machine  a  largo  cylinder  of  glass  revolves  between  two 
riiaimtely  inmilated  oondnctors.     One  of  theae  has  a  row  of  points 
acting  towards  the  glass,  and  collects  positive  electricity.    The 
r  ia  connected  with  the  rubber,  and  collects  negative.     If  one 
electricity  only  is  required,  the  conductor  whicli  furnishes 
!ier  muj^t  l"-  conmvrtwl  with  the  ground. 
I.  Wloter'a  Machine.— Winter,  of  Vienna,  has  introduced  sonic 
rjfic^onji  in  Ramsden's  machine. 
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Instead  of  four  cushions,  thertt  uv,  as  will  be  seen  by  tlw  S|;vnl 
(Fig.  &54),  only  two,  wliich  arc  in  c^ommumcation  nrith  a  *plwrieil( 
oooductor,  Hupported  on  a  glass  pillar.  This  may  be  used  to  eoQaet 
ae^tive  olectricitj,  in  the  mine  way  lu  th«  nt^ttvo  ooDdocbv  i*i 
Naime'a  machine.  The  chief  or  poetitire  conductor  cODtitbt  of  n  f 
inBulaled  aphere,  on  the  top  of  which  is  often  another  aphcm  of  j 
smaller  size.     The  positive  electricity  is  collected  from  the  plate  1^1 


fif.  HL-mBln-t  tlMtrind  UmMm 

meuis  of  two  rings  opposite  to  each  other,  one  on  oaeh  aida  of  tfa 
plate.  On  the  Hide  next  the  plate,  tJiey  have  a  groove,  whl^  is  Umi  ( 
with  metal,  and  Btudded  with  points.  They  are  supported  by  i 
which  in  in.serted  in  the  positive  conductor.  Tito  aixeof  tl»epadiM| 
conductor  is  often  increased  by  the  addition  of  &  TSry  larJN 
{3  or  4  feet  in  diameter)  which  is  supported  on  tbe  top  of  thi  iai|i  I 
q)bera.  The  ring  consbta  of  very  stout  bntaa  wire  ii 
polished  mahogany. 

Winter's  mocliine  appears  to  give  longer  Hp&rka  Lhao  tba  tM^Mtf  I 
mnchiuc  uudt-r  the  same  circumstanoea.  This  circutnstaace  b  ovla^] 
partly  at  least,  to  the  considerable  distance  between  the  Tuttcr  i 
the  poKitive  conductor,  which  prerente  the  oocurreace  uf  ■Tj— *-y  I 
between  them. 
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SBO.  Bjrdro-elMtriA  MiehlBd. — Al>out  the  year  I^IO.  iU.  (now  Sir) 
.  W.  Anofltrnft^;  inv>-iit«(l  An  doctrie  machino.  in  which  olvctricity  waa 
.  hy  Ihr  friction  of  »t««Di  against  the  ai<its  of  orifimn.  tltrough 
)leh  it  i"  ftlloved  to  eooipe  undir  high  prenRUre.     It  connUtA  of  a 
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ST  with  th«  fin)  loude,  sii)>i>ort(»l  on  four  glnas  legit  The  Btcftm, 
aetping,  paaMs  through  n  nuniLwr  of  tubes  vrluch  traverse  a 
jliitg-box  oontaining  wat«r,  Uito  wliidi  dip  meshes  of  cotton,  which 
IrnJ  over  the  tubes,  and  pa.'i.scd  round  Uiem.  The  cooling  thus 
luc«d  in  the  tubes,  causes  [>artial  condenaation  of  the  steaau  This 
been  found  to  be  an  iadispensable  eondition,  the  frictioD  of  per- 
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fectly  dry  st«am  Wing  quite  hiopemtir«.    SpoAktng  cMHly.  it  II 
friction  of  tho  drops  of  water  tgainat  the  aides  of  the  orifice, 
f^ncratc^  the  electricity,  and  the  Hteam  merely  ftiniiahes  the 
of  applying  the  friction.     The  jet  of  Eteam  is  positively, 
boiler  negatively  electrified.     The  positive  electricity  is  coll 
directing  the  jet  of  et<?am  upon  a  metal  comb  oommunicating  vi' 
an  insulated  conductor. 

The  form  of  the  outlet  by  whidi  the  steam  eaeapes  it  shown  t 
Fig.  3S6.  T)ie  frt«&ni  is  checked  In  its  coun«  by  a  tongue  of  tDet4 
round  which  ii  haa  to  pass,  before  it  can  enter  the  woodeo  tub 
through  which  it  escapes  into  the  air.  This  machine,  in  order 
work  well,  rc(]uirc«  a  pr«ssure  of  Mvoral  Atmo«pher««.  The  waUt  ■ 
the  boiler  shuuld  be  distilled  water.  If  a  s&line  nolution  lie  iouo* 
duoed  into  the  tube  through  whidi  the 
escapes,  all  traces  of  electricity  im 
disappear.  The  generation  of  el 
varies,  both  in  «ign  and  Jegroe, 
the  substance  of  which  the  eeeap^-tab* 
eornposed,  and  according  to  thn  liquiil  vh-m 
particles  are  carried  out  by  the  alvam.  Iliiai 
when  a  small  quantity  of  oil  of  turpentine  is  tntrodooed  into  Omj* 
of  steam,  the  boiler  becomes  positJvely,  and  tJie  steam  uapJd^ 
electrified. 

The  hydro-otectrio  machine  is  exceedingly  powerfoL    At  Iht 
Polytechnic  Institution  in  London,  there  was  one  with  a  bote 
7S  inches  long  and  42  in  diameter,  and  with  4C  jets.     Sfarin  <nn 
obtained  from  tlic  conductor  at  the  distance  of  SS  iaebo*.    1W 
machine  is,  however,  very  inconvenient  to  manage.     A  loi^  ttaik 
nKguircd  to  get  up  the  requisite  pressure  of  steam.     The  bofltf  oNit 
be  carefully  wa«hod  with  a  solution  of  potash,  after  each  oeariw  d 
ib<  use;  and,  finally,  the  working  of  the  machine  is  necessarily 
panied  by  Oie  disengagement  of  an  enormous  quantity  of 
which,  besides  causing  a  deafening  noise,  has  the  misehiieteai 
of  covering  with  moisture  everything  within  rcatji.     Aeeatih^ 
tboogh  very  interesting  in  itself,  it  is  by  no  means  eihptgH  teii 
general  purposes  of  an  electrical  machine. 

666.  Holtz's  Hacbine.— In  the  machines  jost  deneribed,  ebclrid^ 
b  produced  by  the  friction  of  one  substance  against  anoOwe. 
recently,  several  machines  have  been  invented  of  qohe  a 
kind,  in  which  a  body  is  electrified  once  for  all.  and  B»d«  ta  art  ^ 
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upon  a  movable  eyatetu,  in  such  a  way  aa  to  produce  a 
raaJ  generation  of  elecUicity.  The  most  euoceasful  of  tbeee  is 
.  inrsDted  hj  UolU  of  Berlin  in  1865. 
It  contains  two  ttiin  circular  plates  of  glass,  ooe  of  which,  A,  is 
fixed,  white  Uio  utlier,  B,  which  l&  rathvr  smaller,  can  bo  made  to 
ravolve  very  dc&f  it.  In  thu  fixed  pliiti:  tliero  an;  two  large  op«ning8 
tuiiuiouw  near  th«  extrciuitio*  of  ito  horixontn)  ()iamot«r. 


lit  tn  theae  are  glued  two  paper  botida  or  armtUurea/J',  cAclt 

a  altarp  tongue  of  card  projecting  through  the  window,  and 

the  opposite  way  to  that  in  which  the  revolving  plate  tunu. 

I  rows  of  brsas  points,  P,  V  are  placed  opposite  the  annaturea,  on 

I  oUmt  aide  of  tlu)  revolving  plate,  and  are  connected  with  two 

oooducton  torminaling  in  thu  knoba  n,  m,  which  may  be 

the  poles  or  electrodes  of  the  maclunix    lliose  knobi  can  be 

al  any  distance  asunder.      In  starttng   tlie  madiino,  they  ar« 

•d  in  contact,  and  one  of  tlie  armatures,  suppose  /,  i»  elcctriliod 

molding  againtt  it  an  exdted  sheet  of  vulcanite,  or  by  leading  to 


lit  a  wire  Croiu  the  conductor  of  a  fricUouol  iuachiii&  A 
fm^/i'Ti^  sound  is  Almost  immediately  heard,  uid  Uie  knobsi 
be  separated  to  a  gradually  increasing  distanoe,  brilliant  disci 
th«  tim«  tftking  place  between  tltom.  In  the  circuuutUiu 
potscd,  the  knob  n  is  the  negative,  and  tbo  knob  m 
tive  electrode.  The  bettt  machines  are  made  double,  bavii 
revolving  ptatea,  with  two  fixed  plat«s  between  tfacDi. 
uutcliino,  when  well  made,  far  surpasseit  the  frictiona) 
power. 

ItM  action  is  as  followu: — The  aegative  elretridty  of  tba 
ture  /,  acting  inductively  on  the  exposed  ciiiuluctor,  frotn  « 
is  separated  by  the  revolving  plate,  causes  tliis  conductor  to  dfa 
]K>eiUve  electricity,  through  its  points,  upon  the  face  of  the  pli 
UiuH  to  acquire  a  negative  charge;  when  the  part  of  the  p!at« 
has  beuQ  thus  atfcctod  comes  opposite  the  tongue  of  tLe  o4her 
ture,  the  latter  in  afToctod  inductively,  and  dischargw  oegatii 
tricity  upon  the  bock  of  the  pUte,  thtut  becoming  itoeU  pa< 
electrified.  Positive  electricity  from  the  front  of  tlie  plate  ii 
diat«]y  afterwards  given  otT  to  the  points  V.  an  equal  quai 
negative  being  of  oourse  discharged,  from  the  ootHlocter  b» 
they  belong,  upoa  the  faco  of  tlie  pUt«.  In  the  mihiBqiwrt 
of  the  proceiu,  the  negative  electricity  thuj  diadurgod  upent 
of  the  plate  exceeds  the  {)C8ittve  which  wafl  previously  there, 
the  face  of  the  plate  passes  on  with  a  negative  cfaat;gc  Who 
lion  of  the  plate  which  we  are  constdering  agftin  coiihv 
iocreascs  the  negative  electrification  botli  of  the  anualuni 
conductor,  inaamuch  as  it  Itas  more  of  negative  or  lea  of 
tricity  upon  both  ita  surfnoes  than  it  had  when  ft  last 
from  that  position.  Both  anuatures  thus  bMOtne  nore, 
ittrongly  electrilled,  until  a  limit  is  attained  which  dv 
goodness  of  the  insulation;  and  as  the  electrification  of 
increases,  the  conductors  also  become  mon>  |>oWL*rfully 
are  aUe  to  discharge  to  each  other  by  the  knobs  m  n  at 
Inerea^ng  distanoe. 

586a.  Voss  Hachine.— Voss  baa  introduced  iba  i 
giving  the  armatures  their  supplies  by  matalUo 
rubbing  against  brushes),  instsad  of  by  disehargo  i 
This  renders  the  umdiine  much  easier  to  iit«rt,  and 
atmoepliere  it  is  not  even  nsoanaiy  to  ttss  meana 
an  initial  charge,  the  casual  chni^ge  which  b  in  thmt 
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.  miofary  (nor  dcslnUe)  to  Lrin^  tlie  knobs  mn  into 

□eetrophoriu. — When  electricity  is  requii-ed  in  comparatively 
Malitic«,  it  is  readily  supplied  by  the  simple  apparatus  callai 
ir^jJtorutL  Tills  coiutinta  (Fig.  Sjtj)  of  a  >li»c  of  reoin,  or  soDie 
alurial  easily  excited  by  f  ricttoo, 
a  poljahed  tuetal  diKC  B  with  an 
Dg  handle  C 1).  Th«  rcsio  di«c 
rtfied  by  striking  or  rubbing  it 
ilBkin  or  flaanet,  and  the  in«tal 
I  tJitin  laid  upon  it  lu  tJieee 
tancea  Uio  upper  platu  does  noi 
a  direct  charge  from  Uio  lowfrr, 
loucbed  with  the  finger  (to  con- 
iritli  tbs  earth),  receives  on  oppo- 
rge  by  induction.  On  lifting  it 
f  Hm  iusuliitiiijj  hiuidlt;,  it  is  found 
liarged,  aud  will  givu  a  ttparlc.  It  may  then  be  replaced  on 
«r  plate  (tou<:hiiij;  it  at  the  .name  tiiue  with  the  Bngor),  and 
MM  repeated  an  indelinito  number  <^  times,  without  any 
Ecitotion,  if  the  weather  is  favounble. 

■SBiaous  plato  boa  ubually  a  base  or  sole  of  uictol,  whtcli  is  in 
too  with  Lho  L-art)i  while  the  olectrophonw  ix  being  workMl. 
h«  eover  rcceivue  ite  ixnitive  charge  on  being  coanvclcd  with 
h,  the  iKiW  at  the  vame  time  rt.-«eivon  from  the  earth  a  ne^s,- 
jrgje,  and  as  Uie  cover  is  gradually  lifted  this  negative  diaigu 
ly  retortu)  to  the  earth. 

iioat  convenient  form  of  the  electrophorua  is  that  of  Pi-ofessor 
,  in  whidi  the  cover,  when  placed  upon  tlio  rc«inouii  plate, 
Dto  nMtollic  coonection  witlt  iho  metal  plate  below.  That 
wgefflent  is  allowable  a  evident^  when  we  reflect  that,  when 
ar  plate  is  touched  with  the  finger,  it  is  in  fact  connected 
B  lower  plate,  since  both  ore  connected  with  the  earth;  and 
I  a  gnat  saving  of  time  when  many  sparks  are  required  in 
MBMdOD,  for  the  oovvr  may  bo  rained  and  lowered  oa  fast  lu 
•e,  coming  alternately  into  oontoct  with  the  resiooui  plato 
body  which  we  wi&li  to  charge. 

Bartoeh's  fflectxieal  HocbiQe.— A  machine  which  baa  been 
rotatory  ehjctrophorus  liiut  recently  been  invented  by  Bertscb, 
qmaeoted  in  Fig.  360.     A  circular  plate  of  ebuuite  D  can  be 
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made  to  ruvolve  rftpidly.     A  sector  of  the  same  material  (Fig.  3^9 
previously  vxc'itvd  by  friction,  is  fixed  opposite  the  lower  portion « 

Lbe  piste;  and  on  the  other  siile,  taUM 
di&tvly  opposite  to  this,  ia  a  tnetaliii 
comb  N  foniiiag  tbo  extrewity  of  t 
conductor  coonectod    with    tin  euth, 
At  Uic  upper  pari  ia  anotlwr  oomb  M 
connected  with  tlie  tionductor^   Under 
the  intluenco  of  the  electrified  wder. 
the  oondnctor  C  diachni;^  poaittn 
olectncity  on  the   plate  ibioi^li  tit 
comb  N.     In  p&sitiiig   the  oonb  M,  ■ 
portiuu  of  Lbia  electricity  b  ooUecta' 
by  the  points,  and  clmrges  the  conductor  A.     The  effiDOt  b  iniii—< 
by  connecting  A  with  anothei  conductor  £  of  very  largn dlmMMM 
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This  machine  diflent  from  that  of  Holtz  En  famiablng 
for  incrouting,  or  uvou  sustaining,  tlie  diargo  of  the 
thin  nepcct  it  rcseniblei*  the  onlinary  eloctrophoiWi. 
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VAItlOirS  EXPERIMEN'ra   WITH  THK   ELKCTRII-AL  MACHINK. 


I.  Elwtric  Spark. — Tb«  spark  furnished  by  an  uli-ctrical  iiinchiiin , 
wll  (limeittioDS  Ushort^and  usuallj^ straighL   Powerful  iiiadiincA  { 
BtinM  give  Kparkfl  of  Ute  Ungtii  of  a  foot     Such  sparks  have  i 
klly  a  ng-<ag  form,  like  flashes  of  Uglitning.   One  of  the  readiest 
m  of  obtaioing  long  sparka  consisU  in  placing,  opposite  to  onal 
amail  knoba  of  the  conductor  of  tlie  mocliinu,  a  large  cou-j 
having  good  eartlt  connection,  and  prusvnUn);  a  polisJtwl 
slightly  convex  surface  towards  the  knob.     A  iiiure  [wwcrful 
wiU  be  obtained  by  conni^:ting  this  conductor  with  the  rubber ' 
aagative  conductor  of  the  machine,  imttead  of  vith  thp  earUiJ 
ufiitly,  when  the  spark  is  a  foot  or  more  in  lenglii.  finar^ 
jr>nn  proceed  from  it«  nuiln  track,  as  iihown  in  Fig.  'Ml. 
0,  Bruit. — Whrrn  a  |>uworful  madiinv  i»  working  in  a  very  dry 
)^«ra,  th>!  rubtw^n  I'-iiig  in  g<^)0<)  order,  and  Uie  madiine  lieiiig^ 
ltd  rapidly,  a  diaract«rUtic  Bound  is  heard,  whit-h  is  an  indication: 
Dfilinuous  discharge  into  the  air.     In  the  dark,  luminous  apix 
a  callcxi  Irrudiea  are  soon  on  iho  projecting  partM  of  Uiv  con- 
on.    Tlipy  may  be  rendered  very  conspicuous  by  prcsetitiiig  a. ; 
I  conducting  surface  at  a  dtNtAnce  a  little  too  gruit  for  n  i4{Mrk 
■ML     It  will  Uien  b«  observc<l  that  t}ie  Inrush  con.iUts  of  a  short . 
'•talk,  with  a  multitude  of  raj-s  diverging  from  it  like  a  fan.  and 
I  other  smaller  ramifications  proceeding  from  these.    Positiva 
ricity  (nvc8  larger  and  6ncr  brushes  than  negative.     We  may 
that,  when  the  machine  a  working  well,  brilliant  sparks  con- 
lily  leap  across  the  plat«,  consisting  of  dii^clmrgca  between  tha 
Qoa  and  the  n(«rcflt  pari  of  the  conductor.      The  oooducior 
it  alM  turrounded  with  lumino^iity.     In  tlie  dark,  the  brillianb 
Iflla  pCMBBted  by  these  combined  a]>peannois,  witlt  the  oou- 
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tinual  GTBckling  whU 
Acoompauiea  Umbi.  b 
very  uitpraaaiT«,lDd  tm- 
oished  an  InexUutiUi 
subject  of  curinitjr  b 
the  elcc-tricuuu  at  hM 
century. 

It  is  pcoUMe  tU 
the  pasagn  of  a  '}*ii  ■ 
alwnys  jmJCMkd  bjr  * 
very  high  UogTM  of  ftiktf 
tviuioB  in  all  tbr  F•^ 
tides  of  air  ta  u'l  ilM 
itA  track,  uid  Out  ik 
spark  occur*  vlwo 
tvusioii  lujywlicn 
M-vdii  what  Um  fartida 
lu'o  able  la  War.  lit 
freiiuent  cn)ok«iliiai 
i]ie  B{Kurk  is  jwrbip 
to  tbo  prtMltot  at  < 
tluctini;  j-artJclMofJii^ 
v.hich  tcTva  ai  Mp* 
]iing  atoDoa,  and  nait 
a  crooki-NJ  oouna  >&> 
t»i.''i<>-.tt. 

591.   DoraiiH  of 
Spark. — Wo    cao   '' 
no    jud^^nt    of 
•luFAtiuo  of   Ow 
s)>ark  Erotit  wliat  ** 
with  the  unaUW  *J*i 
impruwious  iti>^ 
Uie    retina  iviiwa 
effaced     for 

like  j^j  of  a  secSttL"* 
the  duration  olttMiiA 
i»  incompaiaWyl^ii'* 
tht».     WhMlstoBa, 


fit  Ml  -flitirk  vllh  BniKllbnlM** 
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axperimflnt,  HUCOaed«d  in  mcaauring  it»  durntion  bj  ineuis 
a  nvolTiag  mirror;  &d  «xp«dieat  wliich  haa  sioov  Ix-ea  em[iloyed 
L  grwU  iKlviuitage  ia  manj  other  reaearckes,  espvciallj-  in  dct«r- 
ung  Um  T«locit7  of  light 

M,  mn  (Fig.  362)  be  «  inirror  tvvol%-ii)g  with  gresat  velocity 
nt  an  axis  passing  through  c,  and  suppoM  Uiat.  daring  the  mU- 
B,tn  electric  spark  ia  proJuoed  at  <t.     An  eye  stationed  at  o 
1  »M  an  imago  in   the   eym- 
itTual  iKKsition  a'.     If  the  spark 
atiictly  instantaoeoua,  its  iiu- 
B  will  bo  «eea  aa  a  luminous 
nt  al  a',  notwithstanding  t)ic 
■tion  of  the  mirror;  but  if   it 
I  B  Suite  duiation,  tbe  image 
I  utuve  frotn  a'  to  a',  while  tlie 
mr  moves  Trom  ee'  to  i(,  iho 
tr  being  i(a  poeition  when  tlie 
rit  oMMi.     Wliat   is   actuiilly 
B  in  the  mir  or  will  Utvmfuru 

be  a  point,  but   a   luitiittutis 
cka'tt". 

ho  IngO)  of  this  image  will 
double  of  thu  arc  tt\  (or  thu 
U  f  cl  at  tlui  ouutre  is  equal  tu 

angle  a'aa"  at  tlio  cireum- 

laec.  the  aides  uf  tbe  one  l>uing  perpendicular  to  these  of  the  otlier. 
Wheatatone's  experimeoty  the  mirror  made  800  turns  in  a  second, 
t  the  image  u'  u"  waa  an  arc  of  24*;  the  mirror  tlierofore  turned 

BOgh  12',  or  «.  of  a  revolution,  while  the  «p*rk  lasted,  llie  dura- 

Rllie  spark  was  therefon  $o  o' e5jt>  that  is,  j^  of  a  itceond. 
taminiDg  tbe  brush  ia  the  same  way.  \Vheatstone  found  it  to 
lia  of  a  sneceasioD  of  sparks. 

B3.  Spark  in  Rarefied  Gasea.  —  Hie  appearance  of  tbe  spark  ia 
lUy  miniitieil  by  rarefying  the  air  in  which  it  is  taken.  To  sliow 
■n  ajijuiratus  is  employed  wliich !«  called  the  efec/r/c  ry^^Fig.SCS), 
an  oval  glasi  vaasal,  which  con  be  exhausted  by  meona  of  a  stop* 
at  ita  lower  end.  Ita  upper  end  ia  doaed  by  a  cap,  in  which 
■  a  brasarod  terminates)  by  a  knob,  which  can  beadjuated  to  any 
uw*  frum  another  knob  ooooeoted  witJi  a  cap  at  ttie  lower  end. 


>1»  MK-Uu 


aUS 


EXPEBIUBNTS  WITR  THB  ELBCTBICU.    XACHCflL 


When  the  c;;i;  contains  air  at  otmosphcrio  prenure,  a  spark 
in  ttic  ordiimry  way  between  the  two  kooha;  but,  aa  Out ; 
dimiiiisltct],  the  lupect  of  th«  spark  changes.     At  a  pwari  of  I 

centimetres  of  mercury  (^  of  an  atmosphere),  a  sort  of  ramjfied  Am 

procee<ia  from  Uie  positive  knob,  Etome  of  tlie  rajv  tanninattog  il  I 
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rif.  tM.-8rwk  to  Mm^  a 


small  distntive  from  Uiftir  origia,  while  othwa  extend  to  tlie  ot^U" 
knobt  Hie  latt«r  ia  surrounded  with  a  xiolot  glow;  tba  njiA 
alao  violet,  but  with  a  Kildish  tinge.  'Hie  light  at  tbe  |wuti«t  kaik 
is  of  a  reddish  purple. 

As  the  pressure  ia  gradoaJly  reduced  to  a  few  miIUiDfttmi.tlM  ■!< 
booome  less  distinct,  and  finally  coalesce  into  an  oval  elowl  al  f^ 
violet  light,  extending  from  oa»  knob  to  the  other,  with  a  ndM 
tint  at  the  piwitive  and  a  deep  violet  at  the  negative  eod. 

In  performing  thi^i  experiment  with  the  ordinary  eleetrieat  nackM 
tlie  upper  knob  is  oonnect<.-d  with  tlie  conductor,  and  the  kiwM 
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greand.  Hoitz'a  iDScMne  can  be  very  advantageoiml; 
wl  in  «xporiroe&t«  of  this  kind,  its  two  poles  being  connected 
ke  two  knobs. 

a,  inatcoil  of  the  electric  egg.  wo  employ  a  long  tube,  such  as 
XijtA  far  sltowing  the  fall  of  bodies  in  vacuo,  tlio  whole  Icnj^h 
lube  b  filled  with  violet  light,  whidi  exhibits  continual  flicker- 
d  tuggests  the  idea  of  undulations  travelling  in  the  !mio6 
ID  as  the  positive  electricity.  In  all  these  experiments,  as  we 
ih  th«  density  of  the  air,  we  diminish  the  reatstance  to  dijt- 
and  at  the  same  time  diminiHb  the  intrinsic  brightness  of  the 

le  Tonricellian  vacuum,  electric  discharge  is  accompanied  by  a 
ible  though  vrry  feeble  luminosity,  as  may  be  shown  by  an 
U  duo  to  Cav«nrlish,  and 


in  Fig.  rw.i.  Two 
irie  tubvi.  united  at  the  top, 
incvl  in  two  cups  of  mer- 
Tbv  uiurcui^  in  one  cup  is 
itd  with  the  conductor  of  the 
'  ■■  lliat  in  the  otJu-r  U 
'  li  tlie  earth.  In  thueo 
itanctw,  the  vacuuin-Hpiwe  is 
K-itb  lumitu^ty,  which  is 
r  an    tbo    tcmpcrotoro    iit 

prolwbty  on  account  of  tlie 

dnuity  of  tlie  m<>rciirial 
which  serves  as  thu  medium 
iaiga. 

•jCperiuonts  of  Gnwtiot  and 
bava  shown  that  electricity 
M  a  space  occupied  by  a 
ith  continually  increasing 
'  as  the  density  of  the  gas 
laiibed,  until  a  certain  limit 

ned ;  but  that  when  special  meaaa  are  employed  to  render  the 
1  as  nearly  perfect  as  possible,  this  Unit  can  be  exceeded,  and 
istaun  may  incrcAM  so  much  as  to  prevent  discharge. 
latt«r  iwint  in  illustrated  by  the  apparatus  rcprcscntwi  in  Fig. 
lich  is  coiutructod  by  Alvergniat  T  is  a  tube  which  has  been 
tod  as  completely  as  poetdUe  by  a  Oeissler's  pump.    It  has 


ttf.  M.-MMhHi»  taTonterilUn  Vionut 


KXPK.RIMI'LVTS   WtTII   TUK   BLECTRICAJj   UACHINC 


then  been  heAt«d,  and  maintaiiUKl  for  tomo  time  tu«r  U»e 
ttiru  of  fusion  of  glass,  in  ortlor  to  produce  absorption  of  the 
ing  air.   Two  pl&tinuin  wirea  have  been  previoasly  sealed  in 
vt  tint  tubo,  and  approach  witliin  n  of  •  millimctro  of  «mIi  tA 
The  two  poles  of  a  Holtz's  macbine  are  oonoected  with  tbe  hnda 

screws  B  and  B*,  wU 
^  ^  are    in  eoninnintai| 

with  thoM  two  iH 
and  also  wtlfa  two  nj 
whoae  exiremitict  ff 
are  at  a  tnoderaie  ridt 
inj;  distance  fron  wA 
othur  in  air.  Ai  iif 
aa  the  machine  w«ta 
aparka  \»m  Mn 
these  lattff,  wUtJ 
spite  of  the  mf  i 
closer  proxiniilr  *f  < 
platlDuin  wifH  » I 
mlntvit;  is 
Wtwceti  tlMtm. 
of  being  plaonJ  il 
distance  af«rt  inttl 
and  p'  tna;  l^ 
into  the  lodi  «f  t  - 
of  conddmyi' 
containing  nnMl 
It  wtl)  bu  found  that  discharge  can  take  place  at  greater  itM* 
the  air  is  more  rarefied,  till  we  attain  a  limit  far  hvjvuA  ttli 
of  onlinary  air-pumps. 

093.  Colour  of  the  Spark. — The  colour  of  tbe  spatlE  or  el 
ous  discharge  dependtt  portly  on  tlic  material  of  the 
between  which  it  parses,  and  partly  on  the  gaiaoas  mefn 
it  traverses.     The  former  influence  predominate  wheathtl 
strong,  the  latter  when  it  is  weak.     The  effect  of  tbe  tnclall 
defiend  upon  tlio  vaporirjition  of  a  portion  oE  it.  for,  on  i 
spark  by  the  spectroHCope.  bright  lines  ai«  seen  which  tn  1 
indicate  the  presence  of  nii'lallic  rapour.     For  studying  tbti 
the  gaseous  medium,  the  discharge  ia  taken  between  two  I 
wim  sealed  into  the  ends  of  glaa  tabes,  cont*intng  the 
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ntion  (Fig.  3C7).  The  wires  are  ooon«ct«d  eifliOT  with 
«  of  n  Holtz's  nutcbine,  or  of  &  Ruhmkorff'B  ooil,  which  we 
teribf  in  Chap.  lix.  It  ia  found  tliat  Ui«  colour  in  ur  or 
i»  wliit*  with  A  tinge  of  Uue,  in  nitrogen  blue,  to  hydrogen 

in  Cftrtwnic  sciil  g;reen. 

Haiti  plication  of  the  Electric  Spark. — The  old   electrician-i 
d  sevoral  piecos  of  apparatui  for  multiplying  the  electric 
T1i«  principle  of  all  ia  the  same. 
qaarei  of   tin-foil  aro  Arrnn;;od   in 
t  a  small  distance  from  each  other 
HoUting  surfam.    Tb«  firat  of  the 
I  connected  with  a  metallic  knob 
SB  be  brought  near  the  electrical 
i;  and  Ube  last  of  them  is  connected 
Otlicr  knob  which  is  in  communi- 
rllh  tJie  eartb.     By  allowing  a  din- 
o  paw  through  the  iierie.t,  apark**  can 
ItWAotUily  oUained  at  all  the  inter- 
ireen  the  auocessive  squares. 
le  tfanifUd    tnbe  (T\g.  368)   tho 

of  Un'foil  an)  arT«ii^">il  s|»raily 
eylin<lrirAl  glasx  tube  ivhii'h  has  a 
p  at  nai-h  end.  One  cap  ia  put  in 
icatiim  with  the  mairhino,  and  the 
Itli  tho  earth. 

Liiw«  a  glam  gtolic  U  sul«Utut«d 
ylinder.  We  liave  that  the  epanglett 
Eg.  3(»>. 

(tjwjrkliTug  pane  a  long  atrip  of 
disposed  in  one  continuutia  crook  L-d 
laiatingof  parallel  strips  connt'ct^^l  m  •n-Tn^B 
tiate  on<Ia)  from  a  knob  at  the  top 
KT  knob  At  tbn  Itottoru  of  tlic  ]>an«. 
■n  IB  then  traced  byiKratching  away  the  tin-foil  in  numeroiia 
rith  a  point,  and  when  the  spark  passee,  it  is  seen  at  all 
MM.  ao  as  to  rendvr  the  pattern  luminotu  (Fig.  370). 
PkfflloloKical  EffMtfl  of  the  Spark:  Electrio  Shock. — When  a 
park  in  drawn  by  presenting  the  hand  to  th»  conductor  of 
arg*  And  jwwerful  machine,  a  peculiar  sensation  i-i  experi- 
Witli  urdinarj'  ma«hines  the  sauie  effect  can  be  uhiAined  by 
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employinj^  «  T^cydi^n  jiir.  T1i«  MmutJon  i»  difficult  to  dMcrib^  ud 
only  capable  of  being  produced  by  electrical  agency.  It  n  a  puM 
shock,  felt  especially  in  the  arm.  and  causbg  an  iovoluntanr  beadinf 
of  the  elbow. 

At  the  flistancc  of  a  few  feet  from  A  machine  in  powerful  actkL 
a  tickling  sensation  la  foU  on  the  exposed  parts  of  the  body,  dw  to 
the  movement  of  the  liain  in  obedience  to  electrical  foree.  Thtm 
phenomena  are  exhibited  in  a  still  more  marked  twan^or  when  ■ 
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ponton  stands  on  a  stool  with  glass  legs,  and  keepM  bU  hand  ip* 
the  cunductor.  He  thu«  becomes  highly  cliar)^  with  clecttit^F' 
His  hair  stands  on  end,  and  ia  lumiiioiu  if  Men  in  tb«  dark,  If  • . 
conductor  connected  with  the  earth  ia  presented  to  him,  1 1 
passes,  and  his  hair  falls  again. 

Electricity  bus  fre<]uontly  been  resorted  to  for  medical 
The  electrical  machine  was  first  employed,  and  afterwards  iht  I 
jar,  but  both  liavo  now  been  abandoned  in  favour  of 
BiadiiDes   and   other  appaiatus   for  obtaining    indooad 
which  we  shall  dEscribe  in  a  later  chapter  (Chap.  Ux.). 
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feehanical  utd  Phj-Blakl  Properties  of  the  Spark.— The  electric 
■^oecB  ft  violeot  commoUon  in  the  medium  in  wliich  it 
*th\a  is  easily  shown  bjr  means  of  Kinnersley's  thcrmoincter 
I),  vrhieb  oonsiKts  of  two  glu«  ttilx-s  of  unequal  diAiiu:tcrs, 
dliT  Wing  open  at  the  top.  while  the  larger  is  completely 
■rith  the  exocptioD  of  a  side  passage,  by  whirli  it  commiini- 
itb  tlie  smaller.  The  caps  which  close  the  etvU  of  tliu  laxgi- 
I  tnversed  by  rods  tcrminatiDg  in  knobs,  an  I  tlie  iippw  one 
lUsed  and  lowered  to  vary  Uie  distance  botwc«n  the  knobs. 
bea  ftro  fill(<d,  to  a  height  a  little  below  the  lower  knob,  witli 
lobtle  Uquii]  such  as  alcohol.  When  the  Kpark  passes  between 
Im.  the  liquid  ix  projected  with  great  violence,  and  may  rise 
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^i  of  so%'eral  j-arda  if  the  spark  is  very  strong.  The  same 
f  of  the  spark  b  exhibited  in  tlte  experiment  of  the  electric 
vhloh  is  mifSdontly  explained  by  t)u)  tigur«  (Fig.  372). 
^lark  may  bo  obtained  in  the  interior  of  a  non-conducting 
vhich  it  agitates  in  a  similar  manner.  If  the  liquid  b  con- 
in  a  closed  vessel,  tiits  is  often  broken.  Hie  spark  can  also 
I  Uun  non-oonducting  plat>.-s,  prodkicing  in  this  caho  piTfora- 
the  platos;  but  the  experiment  usually  rc([uirua  very  power- 
tiu^ges,  sudi  mi  con  only  bo  obtained  by  means  of  apjioratus 
rfD  bo  dflsctibcd  in  Chapter  xlvii. 

nmlncMlty  of  the  oloctrio  sjiark  Li  probably  due  to  the  very 
Bpanttim  which  is  produced  in  tlie  particlea  traversed  by  Uie 
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disdtarg^.    Coal-gaa  is  eiutily  inflamed,  by  a  pcnton 
iifcool  with  glass  legs  hoUling  on«  ItAnd  on  tlie  oosdiufav  of 
nmcliine.  njid  giviog  spaiks  fmm  n  tinger  of  th«  oUier  band  in 
burner  from  whicb  tbo  gas  is  tsstiing.    Kinacrsley  ivgarded  dt*i 
of  bfMiipcmtiirc  as  tbe  cnuas  of  tbc  movement  of  the  liqaidi 
apparuttLs;  hence  tlie  naini;  which  it  brAn. 

Heating  may  also  occur  in  tlie  ens*  of  conductor*.     ThiA  I 
by  the  intlueoce  of  the  metal  upon  the  colour  of  tJio  spark,  i 
be  more  directly  proved  by  arranging  a  conductor  in  coanil 
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witli  tlio  earth,  and  coDn«ct«d  by  an  cxoeodinjjly  ftnu 
witli  anotlier  conductor.     When  the  latter  in  preseot 
powerful  electrical  inadiine,  so  that  a  strong  ^lark 
wire  is  aometjines  lieated  to  rednes». 

S97.  Cbemical  Pioperties  of  ths  Spark. — ^"ilio  electric  i 
to  produce  very  important  diomical  effect*.     Wbco  it 
explosive  mixture  of  two  parts  of  hydrogen  with  ooa  of 
causes  these  gaHC^  inHtAiitly  to  comhlno.    This  ex^immait  i 
shown  by  means  of  Volta's  pbtol  (Fig.  373),  whicli  iit  i 
containing  tlie  mixture,  and  closed  by  a  cork.    Tlinm^  | 


cuBsncAL  KFrBcra 

an  iiuulaUJ  nif^tAllic  rod  with  n  knob  at  CAch  «ml,  that  at  the 
enij  being  at  a  ^bort  difttAnc«  from  thn  opjuinitc  si<la  oF  the 
1,  so  ttiAt,  if  a  spark  is  given  to  the  exterior  knub,  a  Hpark  abo 
in  the  interior,  and  inflames  the  mixture.  This  effect  is 
ii{NUued  by  a  violtnt  detonation,  and  t)ie  cork  is  projected  to  a 

&•  etoctrie  npark  often  produce.4  a  reTonto  efloct — that  is  to  say, 
Iteomposition  of  a  compound  body;  but  the  action  in  this  case 
fedual,  and  a  great  number  of  sparks  mtLst  Im  ponsiv)  before  tho 
yflect  b  obtained.    Thus,  if  a  suoceeslon  of  sparks  be  paa0e<l  in 


,t«rior  of  a  nuws  of  ammonia,  contained  in  a  vessel  inverted  over 
Bry,  the  volume  of  the  gas  is  observed  to  undrrgo  a  gradual 

I,  until  at  length,  if  kvpt  at  comtuit  prewure,  the  volume  is 
ly  doubled.  It  Uion  oonaist*  of  a  mechanical  mixture  of  nitrogen 
Udnigvn,  the  conMtituenta  of  ammonia. 

mpontioo  and  dvootuposition  are  often  both  produec<l  at  once. 
,  If  ft  ttpark  is  patiaed  in  a  mixture  of  carbun-ttvd  Iiydrogen  and 
tain  iiriipnrtion  of  oxygen,  tbe  fonncr  gas  is  decomposed,  its 
Dgun  combining  with  a  portion  of  the  oxygen  to  form  water, 

carbon  combining  with  auotlicr  portion  to  fonn  carbonic  acid. 
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898.  Wind  from  Foint«. — If  a  metallic  rod  tenninattngi 
be  attaclio'I  to  the  conductur  of  the  clcctricai  mnchiiu,  tit 
escapes  in  Iar^&  quantity  from  tlio  point,  which,  ncconlin^' 
viewed  in  thu  <]ui'k,  is  cevn  to  ha  ctovih-iI  with  a  tuft  of  Q| 
layer  of  air  in  front  of  the  j>oint  is  oli^ctrifivd  hy  contact,  ■> 
repelled,  to  make  way  for  other  portions  of  air,  wliidi  an  l 
turn  repelled.  A  continuoua  current  of  air  \a  thtia  kept  up, « 
quite  perceptible  to  the  hand,  and  produces  a  very  Tisible  j 
the  flune  of  a  taper  (Fig.  374). 
The  eUctrio  ■whiH  {Vl^.  375)  consiiits  of  a  mi  of  nw 
radiating  horizontally  from  a  comi; 
about  which  tliey  can  turn  frM>Ij,  i 
all  in  the  same  direction,  at  tlie 
are  pointed,  \Micn  tlio  centnd 
mounted  on  the  conductor  of  the  bi 
the  aniw  revolve  in  a  diri-ctinn 
tliat  in  which  tlietr  end.'^  [loinL  11 
is  due  to  tlie  mutual  repuUlon  betl 
pointed  ends  and  the  electriflMl 
flows  00"  frcm  tliem. 

It  in  instructive  to  remark  timii 
special  arrongentcnt,  the 
inclosed  in  a  wi,*ll-in.-4uliiUng 
rotation  soon  ceases,  becanse,  in  Uteae  circum-itancei, ' 
air  quickly  attains  a  state  of  permanent  clectri6catioa. 

^ ^    ^  899.  Elactric  Watering-pot.— Lrt 

^  J    ^  containing,'  a  liquid,  and  fumislwJ 

^^L  fine  di.-«:tuirgo  tubas,  bo  suspended 

A^B  conductor  of  tlie  machine^    Whin  < 

f^H  is  not  electrified,  the  liquid 

Vii^^L  by  drop;  but  when  the  inachine  b  I 

'  1         \  istues  in  ouotinuous  fine  stnaaia. 

1  '  however,  been  olworvcd  that  t)»e| 

rig.  *ra  — KiwHiic  BockBt     discharged  in  a  givfi)  time  is 
same  in  both  caara.    This  mc 
the  equality  of  action  and  reaction  between  ditfu 
issuing  stream. 
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I  objoct  of  tho  pnMot  chapter  is  to  giv«  a  brief  outline 
mcthotla  by  which  nuttbematicians  have  succeedect  in  bring- 
meruufe   electrical   probloma  withiu   the  range  of  accurate 

fundamental  conception  in  the  mathuiuattcal  tht-ory  of  elvc- 
ia  that  oC  attraction  aaO  mpuUion,  acting  according  to  the 
Inveiso  squares;  and  thi;  unit  i|uuiitity  of  vlvetricity  i»  delined 
lat  quantity  which  would  itttruct  or  ntjx:!  an  vixual  quantity 
distance  with  unit  force. 

influence  which  an  electrified  body  exerciaee  in  tbe  re^on 
it  can  be  spedtied  by  stating  the  force  of  attiaction  or 
ft  wbidi  the  body  would  exert  upon  a  small  charged  body 
ni  various  parttf  of  this  region  or  ticid  (which  id  accordingly 
I  field  of  cloctrical  force),  the  force  bc-ing  stated  Dot  only  in 
ude  but  also  in  direction.  In  this  aciue  we  speak  of  tA«  eUc- 
Imxe  at  a  jx/tnt,  meaning  the  force  which  would  be  exerted 

fit  of  electricity  placed  at  the  point;  and  in  any  such  speci- 
«  unit  of  electricity  is  supposed  not  to  disturb  by  ibt  pte- 
pruviowily  existing  dii^tributiun  of  I'^k'vtricity. 
^mn  be  electrical  force  at  poinbi  in  the  air,  or  in  tlie  8ub- 
H  any  non-conductor,  without  dLiturbanco  of  equilibrium^ 
Ctrical  force  in  a  conductor  instantly  produce*  a  current  of 
ity  in  the  direction  of  the  force.  At  the  mr/ace  of  a  con- 
electrical  force  can  exists  but  it  must  always  be  nonnal  to  tlie 
;  for  if  llii'ro  were  any  tangential  component,  a  current  would 
luood  along  the  surface. 

OiAbIUob  of  Difference  of  Potential. — We  know,  by  tho  prin* 
B*  eooMrvaUon  of  energy,  that  the  work  done  upon  a  unit 


^^^^  ice,  which  w«  will  call  3*    Henoe  the  limitiB 

1^  as  t£e  two  points  are  taken  nearer  together,  ta  tha  i 

force  in  the  dircclion  l«;  that  i»,  Ote  rait  0/  variation  o/p 

any  dirtdicm.  U  equal  to  the  component  force  in  Uiat  din 

The  dii«otioQ  in  which  the  variation  is  moet  rapid  ^ 

direction  of  the  roaultant  force;  and  when  ia  is  tncuui 

direction  r-  will  he  equal  to  the  nsrultant  force. 

603.  Unes  of  Forte. — If  a  line  be  traced  Budi  that  e 
portion  of  it  (ftinati  enough  to  be  regarded  as  straight)  ia 
tioQ  of  resultant  force  at  the  pointa  which  Uo  upon  it,  it 
line  of  force;  in  oUiur  wonl^,  a  line  of  force  U  a  liaa  who 
itt  any  point  is  thv  direction  of  the  foreo  at  that  polnl. 
t;xpr(;8s  thijt  bneRy  by  saying  that  Itnea  of  force  are  tlH 
which  rc-jiultant  forci?  acts.  ™ 

604.  Equipotential  Sorfaoes. — An  equipotential  surfaoel 
over  the  whole  of  which  there  is  the  same  x'aluo  of  potonti 

In  lica  ia  sucli  a  surface,  tlie  value  of  -|-  is  zero;  aud  llian 

is  no  component  force  along  any  line  lying  in  tJie  aur 
resultant  force  tiiu.sl  tlx'refore  l>e  normal;  that  ia, 
fqv.i]>otmtial  mrfacet  at  right  angles. 

Wlitin  we  are  dealing  with  gravitatiooal  forces' 
electrical  attractions  and  repulsions,  equipotential 
Uvei  surfaces,  and  lines  of  force  are  called  vcrtioaU. 
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Btrtighti  Uiii  inU-ruity  of  forev  nt  diiruront  points  of 
kt6  tpAcc  will  vary  inversely  ah  the  disUnoe  between 
•  aqnipotonliitl  surfMes;  for,  whvo  «(|ual  ainounU  of  work 
I  la  trmvolling  uuoqukl  disUxious,  tb«  forcM  niwtt  bo  iiivcn>t;ly 

P(rt«Btii]  of  a  Conductor. — \\*bvu  electrical  potential  is  oon- 
KOQghoul  a  given  sjiacii,  there  is  no  electrical  force  in  tlutt 
Ad  converaely,  it  tJiera  be  an  aleenoe  of  electrical  force  in  a 
iBce,  the  potential  throughout  that  space  must  be  uuifonii. 
rropusitions  apply  to  ttic  spsco  within  a  boUow  eonductor. 
10  apply  to  the  whole  Kulwtunce  of  a  eoliii  conductor,  aud  to 
lie  apaca  iDclosod  within  the  outer  8urfaco  of  a  hollow  ooii- 

Whenever  a  conductor  ia  in  electrical  equilibrium,  it  has  tlie 
otential  throughout  the  whole  of  its  substance,  and  aUo 

aoy  completely  incloned  hollows  which  it  may  contain. 
I  a  oooduetor  is  not  in  electrical  e<iuilibriun),  currents  set  in, 

to  rertore  equilibrium;  and  the  direction  uE  tsuch  currents  la 
From  places  of  high-.'r  to  placea  of  lower  [tutential. 
Bstta]  Id  aaaame  as  Uic  aero  of  potential  tlio  potential  of  the 
mt  tiiix  OANUuiption  is  not  consistent  witli  itMcIf,  xinco  the 
»  of  e^rth  currents  proves  that  there  are  diflerenceti  of  poten- 
ween  different  jiarts  of  the  earth.  The  absolute  Eerg  of 
Ui  the  potential  of  places  infinitely  distant  £rom  all  elec- 

Energy  of  a  Charged  Conductor. — When  positive  electricity  is 
to  run  duwri  from  a  conductor  of  hi<;liur  to  one  of  lower 
d,  thor<-  it  Ik  Ur<n  lit  jMiU-ntiiil  cner<^,  juMt  oa  there  ts  a  lorn  of 
d  energy  in  the  running  down  of  a  heavy  body  from  a  higher  to 
level ;  and  on  tint  otlier  hand,  to  miUce  positive  electricity  pnvi 
BDoductor  of  lowt^r  to  one  of  higher  potential,  work  must  bu 
•d  fniiu  some  external  source,  just  as  work  must  be  expeodetl 
a  heavy  body.  In  the  case  of  the  heavy  body,  the  work 
J  in  am  latter  eaae.  or  thotMrt«.ntia]  energy  which  runadowtt 
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rtins  down  in  (Uscliiu^ng  it  into  th«  emrtli,  is  biklf  the 
potential  and  its  diBrgc 

607,  Tvbaa  of  Fores.— If  we  oonccivo  a  nnrrow  tulj 
all  sideB  by  lines  of  force,  and  call  it  a  tube  of  force,  w< 
the  following  remarkable  rulo'  for  the  componaon 
vrliich  uxifit  at  diflcrcnt  points  ia  ita  length.  (1)  /n  a 
a  tube  o/forct  not  containing  deetridty,  the  inten»ity 
invendy  <u  Itu  entS'Btction  of  the  tube,  or  tho  produc 
of  force  by  ttction  of  tube  ia  ooiutant.'  <S)  Whm  a 
cuts  through  electTicity,  thi«  product  cJian'jre.  from  «i 
dectricit^  to  the  ether,  by  the  amount  iwq.  when  < 
quantity  of  th«  electricity  inclosed  by  the  tube. 
The  following  are  particular  coses  of  (1): — 
When  tho  clioL-tricity  to  vrhidi  tho  foroo  b  due  I« 
point,  Uio  linci*  of  foKc  are  straight,  the  tu)>c«  of  for« 
tho  nio6t  general  »en:«e),  and  tho  lavr  of  force  beootn 
inverse  squares,  .lince  the  section  of  a  oooe  varies  u  tha 

»  *«riw  at  l4Tsl  varfMM  an  i«mtHi*i  wphuly  MWtwmilag  Aa  m 
apart  nt  the  ei|iifttur,  Ibtjr  wUI  be  !«■  than  k  (mA  tpMt  kt  Uw  pal* 
brtwepD  tliMD  will,  bj  Un  nMoniiiK  In  th«  tcit>  bt  iBtanely  m  ik*  W 
Tb*  woric  dona  In  Mliins  k  body  Iroa  uijr  on*  «l  Umm  •DitaMS  t«  m>J  t 
IMctioiMl  to  Um  [product  of  iU  iBMa  <aot  lu  wdsht)  by  Ihtnonbtrtf  tl 
U  cnw  of  tba  nirfaow  ptmm  thmieh  tha  top  td  MooM  B*«n«t,  and  ■ 
point  on  tlia  IdiUmi  omjI.  tha  lUiUnoa  batman  ibam  vUl  ba  ^imui  at 
tha  oountAln.  Renco  the  height  of  tha  iiiitala  abava  tlia  i 
qiuntiijr.  ^^^^^^^^^^^^^^^^^^^^^^ 
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ij  Btraigbt  and  parallel,  the  tul>c»  of  force  are  tlierefore  cylin- 
bt  the  most  general  &onap),  and  the  force  is  constant,  being  equal 
I  difference  of  the  pot^-ntials  of  tlio  plates  divided  hy  the  dis- 
betwccn  them.  The  sotnc  thing  holds  if,  instuui  of  hoin(r 
[t«ly  clertrtfifHl,  tho  plntoa  arc  similarly  electrified,  but  not  to 
me  potential. 

L  Toru  ProportioDft]  to  Htutiber  of  Tubes  which  cot  Unit  Area. 
I  eross-eectioDs  of  tubes  of  force  are  portions  of  equipotential 
BO.  If  one  ecjnipotcntial  surface  bo  divided  into  porlJons,  sue!) 
be  protluct  of  arta  hif  /vrfe-intensittj  shall  bo  thu  mvmv  for  nil, 
tf  all  Deighboiirini;  Hpacc  not  containing  olectncity  tw  ait  up 
Itbei,  springing  from  tltifw  portions  afl  tlieir  raHpoctiv«  ba.ir8, 
rodiuct  of  any  croas-seotJon  of  any  one  of  these  tubes  by  the 
bttenait^  over  it  will  he  constant.  The  force-inteositics  at  any 
i  in  this  spue  are  therefore  itivemcly  as  the  cross-swtjons  of  the 
U  these  points,  or  are  difL-clly  as  th«  number  of  tubes  per  unit 
if  equipotontial  surfaces  at  the  points. 

I  Force  Just  Ontalde  an  ElMtrifled  Oondnotor. — .Since  there  is 
jce  in  the  interior  of  a  coiiiiiict<ir,  the  linos  and  tubes  of  fooroo 
to  indeterminate:  but  proposition  (2)  of  §  G07  can  be  shown 
Id  when  we  give  them  any  shape  not  discontinuous.  Let  p 
t  tlte  electric  density  at  a  point  on  the  surface,  and  a  a  small 
tmmd  this  point,  which  area  we  sltall  regard  as  a  section  of  a 
f  force  cutting  through  the  surface^  Let  F  denoti^  the  intensity 
pa  Jnat  oiitnidu  the  surface  opposite  tJiis  point,  then,  since  the 


the  portion  of  the  tube  in  air,  ta  £ero  in  both  conducto 
(]uaiitity  of  viectricity  on  eiikeread  of  tlie  tube  tuust  be  I 
of  this  constant  product  by  *«■.  In  connection  with  tlit 
it  U  to  bu  rcnini'kcJ  that  the  snrfaov  of  n  conductor  is  ao 
tial  surface.  adJ  is  cut  nt  right  uiglots  by  lines  of  force. 

In  Farailfty's  ice-])ail  experiment,  «  tul>e  of  force  did 
the  upper  si<Ie  of  the  cliarged  ball,  and  of  such  hiukII  at 
ori^n  as  to  indosc  only  an  insensible  fraction  of  the  c)i 
ball,  opens  out  ao  fast,  as  it  advanoea,  that  it  fllUt  the  vdj 
at  the  top  of  the  pail.  | 

\a  every  ca^e  of  induction,  therefore,  the  total  fyuuM 
dueiru;  and  indiuxd  eUetrMty  are  «fKat,  and  of  oppotii 

\Vlicn  the  inducing  electricity  residm  in  or  upon  a  am. 
for  example  on  the  surfaoo  of  a  glass  rod,  or  in  Uio  ant 
mttfa  of  air,  the  qtuintity  of  electricity  induced  on  tim  ha 
of  force  is  equal  and  opposite  to  the  quantity  cunt 
tube.  In  the  sinipleiit  ca^e,  all  the  tubes  will  haw  ft'j 
which  will  be  a  point  of  niaxiiuum  or  nuDimum 

en.  Potential  doB&ed  as  £^. 

Let  a  quantity  q  of  electricity  be  collected  at  a  poifl< 
A,  B  bo  any  two  points  very  near  together.     The  furcw 

due  to  q  will  be  ^  and  ^g„  and  tlicso  will  be  nearly  w 
Wlien  a  unit  of  electricity  'la  cairia 
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the  vattte  of  ^.    Since  any  uiovem«iit  can  be  resolvod 

sion  of  small  movements,  wo  may  omil  the  word  Bmail, 
the  propositiou  will  still  he  lru«.     Aa  t  iucrcaiHui  to  infinity, 

rill  (liitiiniali  to  ten.     Hence,  ^  denotes  the  work  fTx>m  distance 

I  infinite  distance. 

regarda  sign,  ^  is  the  work  done  by  electrical  force  when  a 

of  positive  electricity  u  carried  from  diattincc  r  to  infinite 
Bca. 

Ktii  mppoM  several  quantities,  f ,.  7^  kc.io  be  collected  at  different 
O,,  Of  lie.  Let  P  be  any  olher  point,  and  let  0,I'=i-,, 
?=r,  Sic  ITien  in  the  passage  of  a  unit  of  electricity  from  V  to 
lite  diataooe,  the  electrical  work  is,  by  the  precudlug  section. 


*•. 


.  we  will  denot«  by  Z^ ,  the  sjrmbol  2  being  read  "  the  sum  of 

tmuaa." 

^  u  ihurvfore  the  general  expression  for  the  jxitential  at  a  [)oinl 

to  any  quantity  of  electricity  distributed  in  any  manner;  in 
wonU,  tliu  potential  ht  ec[ual   to  thu  huid  of  thv  qitotieubi 
by  dividing  each  clcuiout  of  oli-ctricity  by  itadistanM  from 
fpobt.    The  distanooa  are  e«acnttally  positive.    If  the  oleetridty 

;  all  of  oaa  adgn,  some  of  tlie  quotients,  2,  wilt  be  positive  and 

bttn  negative,  and  their  algulfmical  sum  is  to  bo  taken. 

Application  to  Sphere. — In  the  case  of  a  diaiged  conducting 
bn,  all  tJin  elfiiietitn  q  are  equally  distant  from  the  centre  of  the 

e,  and  the  sum  of  tho  quotients  ^ ,  when  we  ore  computing  tlie 

Qtial  at  the  centre,  will  be  ^,  Q  denoting  the  charge,  and  R  tho 

I  of  tlio  sphere.    But  the  potential  is  the  same  at  all  points  in 

ioetor.     g  is  tlierufore  the  potential  of  a  sphi-re  of  radius  R, 

If&atge  Qt  when  uninlluenced  by  any  other  electricity  than  its 

113.  Capacity. — ^The  electrical  capacity  of  s  conductor  is  tiie  quait- 

liff  tUdriciti/  rtt[uired  to  chanft  it  to  unit  potential,  when  it  is 

jfaflosDoed  hy  any  otlier  cloctricity  Uwidm  its  own  charge  and 

laleetricity  whtdi  this  induces  in  neighbouring  conductors.    Or, 
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mnoe^  in  these  drcumstanccs,  potential  varies  dinctl;  u  Aufi, 
ci^mcity  may  be  ilelineil  a»  the  quotiml  ofdmrgt  by  foUnHtL  Lit 
C  denote  capacity,  V  potential,  and  Q  charge.  Uien  we  have 


0=9 


-g 


I    Q=va 


But  wc  bavo  seen  that,  for  a  sphere  of  radius  It,  at  a  distaan  bw 
other  conductors  or  charged  bodicii,  V  =  ^,     llence  C^K;  \iak9, 

the  eaTpacity  of  a  sphere  u  nuiwricaUy  equal  to  iU  radin*. 

This  i»  a  particular  inittanco  of  the  general  propoRitioa  that  1^ 
capacities  of  lumilar  conductors  are  as  their  linear  dimeoaiona;  wUdb 
may  be  proved  as  follows: — 

Lot  the  linear  dimensions  of  two  similar  conductors  bQB(l:a 
Divide  their  surfaces  nimilarty  into  very  small  «lciii«ota,  whidi  «3 
of  course  bo  equal  in  number.  Tlien  the  orean  of  eomsfooSa^ 
elements  will  be  as  1  :  n*,  and,  if  tlio  electrical  deoutiei  at  at- 
responding  points  be  as  1  : 2,  the  charges  on  GOTres{>ondiDg  ckmtfAi 
are  as  1  :  n^    The  potential  at  any  selected  point  of  eitlm  eafr- 

dnctor  is  the  sum  of  such  tenns  as  ^  (§  611).    Setecttng  the  eet- 

responding  point  in  the  other  conductor,  and  comparing  potealiak 
the  values  of  q  are  bs  1 :  n^,  and  the  values  of  r  are  as  1  :n-,  tb>» 

fore  the  values  of  '  are  as  1  :  nx,     Ucnoc  the  potentials  of  tli*  tv* 

conductors  arc  ok  1  :  no.  If  tlicy  arc  c^ual,  we  have  njcsl.oul 
therefore  li'x^n;  Uiat  is,  Uio  duirges  on  corresponding  elcmtntei 
and  thcn-furo  also  on  the  whole  surfaces,  are  as  1  :  n. 

W«  sliftll  see,  in  the  next  chapter,  that  Iho  eapaeily  of  a 
conductor  may  be  gritty  incrcaM;d  by  bringing  it  near  to  aoothB 
conductor  connected  with  the  earth. 

614.  Connection  between  Potential  and  Indneed  Dtstribntloo.— Is 
the  circumstances  represented  in  Fig.  333  (§  563),  if  we  auppOM  lfc« 
influencing  body  C  to  be  positively  charged,  the  potential  du«  to  tUi 
charge  will  be  algebroicAlly  greater  at  the  near  end  A  of  tht  ia- 
fluence  conductor  than  at  the  remote  end  B.  The  indaoed  riiclii- 
dtj  on  A  B  mmt  1>o  so  distributed  as  to  balance  this  diffanaoa.  ik 
fact  the  potential  duo  to  this  induced  clcciricity  is  negative  at  A  lad 
positive  at  B.  All  casc^  of  induced  electricity  apon  omwlueton  bD 
under  the  rule  that  Ute  potential  at  aU  parU  of  a  etmdnetor  mwl  kt 
the  tame,  and  hence.  v!hertver  the  potential  due  to  tiu  infhMMUV 
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dteh'ieUg  M  aigAmUaUy  gnatett,  Hkt  po<cnl«U  dut  to  the  eUdncity 
en  th»  v^uenoed  conductor  must  b«  a^tbraie(Uty  teaet. 

A*  Ui«re  Cftn  be  no  furce  in  tlie  interior  of  &  conductor,  tlie  force 
Kt  uty  point  in  tlie  interior,  due  to  Die  intluonoing  electricity,  tnu»L 
be  equal  ftnd  oppoAito  to  the  force  duo  to  tbe  electricity  on  the  aur- 
C««c  of  tlifl  eooduetor.  Tliis  holds,  whetlier  tho  conductor  be  solid  or 
hoUow.  A  liollow  con<luctor  tlitu  completely  wrcvnti  from  external 
•leotricnl  forces  a11  bodies  placed  in  ifi  interior. 

618.  Electrical  Ima^s. — If  a  very  large  plane  siiwt  of  conducting 
nwt«>ial  be  connected  witJi  tbe  eartli,  and  an  electrified  body  be 
plMwd  ia  front  of  it  near  ita  middle,  tliu  plalo  will  completely  screen 
an  bodiM  behind  it  from  the  force  duo  to  tho  electrified  body,  Tbe 
induced  olMtrieily  on  tlie  plate  therefore  oscrtH,  at  all  point*  beliind 
tb«  plate,  a  force  c<iual  and  opposite  to  that  of  tbe  electrified  body, 
or,  what  ia  tlio  same  thing,  a  force  identical  with  tliat  which  the 
•lectriflrnl  bo<ly  would  exert  if  it^  electricity  were  reversed  in  sign. 
iut  electricity  distributed  over  a  plane  surface  mu^t  act  eyinmetri- 
Ijr  towards  both  sides.  Hence  tho  force  which  the  induced  electri- 
',j  axorta  in  front,  is  identical  wiUi  that  wlitch  would  bo  exerted  by 
\y  prodaoly  einiilar  to  tlio  ^'ivon  electrical  bo<Iy,  syniiuvtricalty 
behind  tlic  plane,  and  charged  with  tlto  opposite  elcctrici^. 
itol  force  at  any  point  in  front  of  tlie  plane  it  tho  resultant  of 
fotw  doe  to  the  given  electrified  body,  and  the  force  due  to  Uiw- 
,ry  image.  The  name  and  the  idea  of  d^trical  imagea,  of 
thU  is  one  of  die  simplest  examples,  are  due  to  Sir  W.  Thoni' 
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616.  Condensers.— The  process  called  condtmmtion  afi 
coimiitts  in  incre«Aing  the  capacity  of  a  oondactor  by  bringi^ 
it  another  conductor  connected  with  the  eartlL    The  two  i 
are  oauAlly  thin  plates  or  sheets  of  metal,  placed  panOd  t» 
another,  with  a  larger  plate  of  noa-condacting  mirfenal  hfi 
thcin. 

Let  A  and  B  (Fig.  377)  bo  tho  two  oonductiog  platecg  of  liitA  a 
called  the  collecting  plaU,  is  connected 

[with  the  conductor  of  the  machine,  and 

rB,  called  the  condensing  filaU,  M-ith  the 
earth;  and  let  C  ho  the  non-conducting 
pIate(ordicIfctric)which  separates  them. 

FThen,  if  tlic  machine  has  bocn  turned 
until  the  limit  of  charge  la  attained,  the 
surface  of  B  which  fac^^s  toward»  A  ii 
covered  with  negative  electricity,  drawn 
from  the  earth,  and  held  by  the  attrac- 
tion of  the  positive  electricity  of  A;  and, 
convorscly,  tho  surface  of  A  which  faces 
towards  B,  is  covered  with  positive  ulce- 
iricity,  held  there  by  the  attraction  of  lite 
noj^tive  of  B,  in  addition  to  (ho  cliargo 
which  would  nwtdo  apon  it  if  tJie  coi)doct<»r  ware  at  th« 
>t«ntia],  and  B  and  C  were  abttoiit     tn  fact,  tlio  KU«tiia)| 

'fln  tlic  face  of  A,  as  well  as  tlio  whole  diargo  of  A.  wc 
latter  cano.  be  almost  inappreciable,  in  eompMbon  with 
exint  in  the  actual  circuniatances.  By  condenaatJoti  of  clcctr 
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re  to  UD<lentand  ijienase — usually  enoriuoua  incroMO— o/  gfay 
1  limuity  OH  a  given  aurjace,  attained  without  trtcnsoM  of 
tiioL  U  two  conductiog  pUt«a,  in  other  rrapecU  nlikc,  tut 
iritli,  and  Uiu  other  ivtthout  a  condensing  p1at«,  be  connected 
vrtrc,  uid  thu  whole  systt-tu  he  uloctritii'^,  the  two  plates  will 
tbo  Mino  potential,  hut  nearly  tlie  whole  of  tlie  charge  will 
»  Bpoo  the  race  of  tlt»t  which  is  accompanied  by  a  cundousing 

^.  Caloolatioa  of  Capacity  of  Condenser. — The  lines  of  forcu 

aeo  the  two  plates  A  and  B  are  everj'where  sensibly  straight 

parpeodieular  to  the  plat«e,  wiUi  the  exception  uf  a  very  small 

nund  the  cdg«.  which  inay  be  noglectod.     The  tnbea  of  force 

7)  are  tlicrefore  cylinditrs,  and  tlie  intensity  of  force  is  con- 

at  oil  partA  uf  their  letigtlt.     Also,  since  tlie  potential  of  the 

B  is  xero,  if  we  take  V  to  denote  the  potential  of  Uie  p1at«  A, 

1  is  Uw  aams  aa  the  potential  of  the  conductor,  and  t  to  denote 

tlifiklMBB  of  Ute  intervening  plate  C,  the  rate  at  which  potential 

B  tioag  a  lino  of  force  is  y,  which  is  tlicrcfore  (§  COS)  tlie 

MnioQ  for  tbo  force  at  any  point  lietwoen  the  plates  A.  B.  The 
B  wpteo  between  tlie  plate*  may  bo  regarded  as  one  cylindrical 
of  force  of  cross-section  S  equal  to  the  area  of  either  plate,  the 
tads  of  the  tube  being  the  inner  faces  of  the  platen,  'fbe  quan- 
of  deetncjty  *  Q  residing  on  these  faces  are  therefore  equal, 
■(  opposite  sign  (§  CIO);  and  as  tlio  force  changes  from  nothing 

ijiaaHing  trom  one  Htdu  to  the  other  of  the  electricity  which 

.  either  of  these  surEaces,  we  have  (§  G07) 

.jiacity  of  the  plate  A,  being,  by  dcfinitioii,  «quiJ  to  %' 


S 


1^ 

Hid,  however,  explain  tlint,  if  the  intervening  plateC  is  a  solid 
PB,  wa  are  to  understand  by  I  nut  the  simple  tUokncM,  but  the 
nesB  reduced  to  on  eciuivalent  of  air,  in  a  sense  which  will  be 
iaed  farther  on  (!j  G24>.  This  reduced  thickness  is,  to  the  case 
m,  about  liolf  the  actual  thickness. 
«  denote  an  element  of  arcta  of  A,  aod  q  the  charge  residing 
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Upon  it,  it  is  ovidcut.  from  cousiiloring  the  tahe  of  force  wlnt^j 
for  one  o£  its  ends,  that 

V 

and  the  electric  density  |  on  the  clement  b  e<]ti«l  to  -t—'  «1iidi  I 

constant  over  the  vthulu  face  of  Uic  plate. 

To  give  a  rough  idea  of  Die  incrooHi;  of  capacity  ohtotaed  )ij  A 
ciiiployinent  of  &.  condensing  pUte,  lot  us  coiupftre  thv  capacit]^  cf 
circular  disc  of  10  inches  diameter,  acoompanicrl  by  h  eoodoaib 
plat«  at  a  reduced  distance  of  .^  of  an  inch,  with  the  oapadtT'cf 
globo  of  the  samo  diumct^r  as  tlio  dittc  The  capacity  of  Uw  flJ 
in  «qual  to  its  radiuA,  and  may  tlioruforo  Im>  denoted  by  &   11 

capacity  of  the  disc  is  ^-^^g:  =  125,  or  2S  timeis  ttte  capacity  cf  tl 

globe.     It  is,  in  fact,  the  same  as  the  capacity  of  a  globe  S30  kM 

(or  20  ft.  10  in.^  in  diameter.  1 

618.  Discharge  of  Condenser. — If,  by  means  of  a  Joint«d  bnuafi 

charger  (Fig.  378)   witli  knuba  U  N  at  the  ends,  and  nilli . 


n»  >;l-DJKhu(g  «f  OMdMMt. 
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liuidlcB,  we  put  the  two  plates  A  and  B  io  oommunicatioD,  i 
s]>ark  ia  obtoiuud.  resulting  from  the  combination  of  tL* 
charge  of  A  with  tlie  negative  of  B,  and  the  oondcnMr  U  i  _ 
When  the  quantity  of  vloctncity  is  small,  the  gUas  hantUoi  in  0 
neoesaaiy,  and  the  simpler  apparatus  represented  in  Fig.  379  wij\ 
employed,  comiAting  aiuply  of  two  brass  rods  juitit«d  tof;«tli«r,M 
wi^  knobs  at  their  ends,  cnrc  Wing  taken  to  touch  iIm  |>teu 
which  is  in  communication  with  tlie  earth,  befont  tlw  otliv.  t 


i 
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will  th«n  expciriunco  do  tthock,  an  tlio  electricity  pMSM  in 
ifamwa  thruugb  Uiu  ))tsm  rwb,  which  %re  much  bctt«r  oonductora 
m  Um  huuLsn  Ixxly.    If,  however,  th«  operator  disdiaiii^  the 

Bwilh  hiH  hands  hy  touchtiijj  finit  the  plate  B,  and  tlien  aloo 
A,  the  whole  diaebarge  t&kee  place  through  hU  arms  and 
he  exporioncoa  a  »ev(-r«  shock.  If  he  simply  luuches  the 
Ua  A,  whilo  B  rvmains  oonnvctoil  with  tLc  cortli  hy  a  cluuo,  aa  in 
^  S77,  h«  reeoives  a  sliock,  but  Iuhs  violent  than  before,  liccauso 
•  diaehar^  liaa  now  to  paw  through  exUinial  bodiect  which  cod- 
ma  a  portion  of  itd  energy.  If,  instead  of  a  diain,  B  ia  cCHuected 
I  the  earth  by  the  hand  of  an  asaiatant  touching  it,  he  too  will 

I  a  shock  when  the  operator  touched  A. 
I.  Di«coveT7  of  Oaneus. — Hie  invention  of  the  I^yden  jar  was 
lit  altout  )>y  a  ahock  aoddentAlIy  obtained.    Some  time  in  tho 


<yiy.jivr^ 


fli.  Ml— bptrltonl  <4  CuniDi, 


I,  Odoviis,  a  pupil  of  Miudi<:rnbroi-<.'k ,  an  eminent  philosopher 

,  witkuig  to  electrify  water,  employint;  for  this  purpose  a 

flaak,  which  he  held  in  hit  liand,  while  a  chain  from 

lucior  of  the  machine  dipi*d  in  tJie  water  (Fig.  3W>>,    When 

rimcnt  had  been  going  on  for  some  time,  he  wished  to  di»- 

ths  water  from  the  machine,  and  for  tliLi  purpose  was  about 

M 
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to  lift  oat  the  chain;  but,  on  touching  tho  chain,  he  e 
shock,  which  guvc  him  the  utmonb  cooHtentation,  and 
fall  Uie  Bask.  Ho  took  two  days  to  recover  hinusoLf, 
R^umur  Uiat  h«  would  not  expone  himself  to  a  Mscood  dn 
crown  of  France  The  news  of  this  extraordinaiy  ex 
over  Europe  with  the  rapidity  of  lightning,  and  it 
repeated  everj'whorc  Improvements  wor«  soon  introdua 
arrangement  of  the  Ha.sk  and  its  contents,  until  it  took  tl 
form  of  thij  Leydtn  Phial  or  l-tj/dtn  Jar.  It  is  easy  to  M 
effect  obtained  by  Cuneua  depended  on  ooodeDaatJoii  of 
Uie  water  in  the  vessel  serving  as  the  collecting  plate, 
condensing  plato.  and  the  vessel  itself  as  the  <liolcctric. 


nc  i&i— Lardtn  Ju. 


Hi  m-otvtanatiUfM 


touched  the  chain,  the  two  oppositely  charged  ooodudoa 
in  communicitl  ion  through  th«  operator's  body,  and  be 
shock. 

620.  Lerden  Jar. — The  Lcyden  Jar,  as  now  usually  i 
ooDsista  of  a  gUas  jar  ooatod,  both  inside  and  out.  with 


LKYDEX  JAR. 


on 


Uoat  fonr-fifUu  of  its  li«if!ht  The  idouUi  is  closed  by  *  cork, 
Ibmagh  wliicli  pasMti  ft  tnctallic  ro<),  toriiiituiUng  above  in  a  koob, 
nd  conncctMl  b«Iow  with  the  inner  coating,  «itli«r  by  a  cb&in 
Ipsnding  from  it,  or  by  pleoea  of  metallic  foil  with  which  the  jar  is 
led.  The  interior  of  the  jar  tuixat  be  thoroughly  dry  beforu  it  it 
atod.  and  the  cork  and  neck  axe  usually  covered  with  sealing-wax, 
idaiftwllae  ^'amish,  whidi  t»  less  hygToscopii:  than  f;)iis«.  Thv  LtrydrD 
jda  obytoualy  a  condt-mcr,  its  two  coatings  of  tin-foil  performing 
Ppaarta  of  a  oolleeting  plate  and  a  condensing  plate.  If  tlie  inner 
gating  is  ooilliect«d  vrith  the  electrical  machine,  and  tlie  outer  coat- 
Qg  with  the  earth,  the  former  acquires  a  positive,  and  the  latter  a 
Motive  charge.  On  connecting  them  by  a  discharger,  as  in  Fig. 
8Bt.  »  Bpark  is  obtained,  whose  power  depends  on  the  potential  of 
I  inner  coating,  and  on  its  electrical  capacity.  If  tlieso  be  denoteil 
Mrtivcly  liy  V  and  C,  and  if  Q  denote  the  (quantity  of  electricity 
;  on  either  coating,  the  amount  of  electrical  energy  which  runs 
I  and  undorgoea  tranitformation  when  tlie  jar  ts  dischai^ed,  in 

[gv=icv»=ig.   <§eoc.) 

I  quantities  Q,  V,  C,  which  are,  property  speaking,  Uie  charge- 
htial,  and  capacity  of  the  inner  cotUing,  are  usually  called  thu 
,  potential,  and  capacity  of  the  jar. 
IttL  BMldosI  Charge. — Wlion  a  Loydcn  jar  has  been  discharged 
fftlBBBcting  ilA  two  coatings,  if  wc  wait  a  short  time  wo  can  obtain 
but  much  smaller  spark  by  again  conoectiag  tliem,  and  other 
I  may  mmetimes  be  obtained  after  further  intervals.    These  are 
secondary  discharges,  and  Uie  electricity  which  thus  remains 
llic  fintt  discharge  is  called  tlio  rtaittual  chai-ge.    It  appcrrs 
>iriie  from  a  state  of  tstrniit  into  which  thu  glass  is  thrown  by  th« 
i^Bp.  and  front  which  it  bik<tK  Kome  time  to  recover. 

TW  whole  charge  of  the  outer  coating,  and  all  ttxccpt  an  intiigni- 
flnnt  (Kirtjon  of  tlio  charge  of  the  inner  coating,  resides  on  the  »ide 
^f  Uio  foil  which  is  in  contact  wtUi  the  glass,  or,  more  probably, 
Bl  His  surbcM  of  the  glass  itself,  the  mutual  attraction  of  the  two 
H|p9iit«  elaetridties  causing  thctn  to  approach  ns  near  to  each  other 
H  IIm  glass  will  permit  This  in  illu»trat«d  by  Franklin's  cxpcri- 
B"t  of  tbe^r  with  movabU  toativg*  (Fig.  383).  The  jar  is  changed 
~  oe  ordinary  way,  and  placed  ou  an  insulating  stand.  The  inner 
IN  ijig  in  then  lifted  out  by  a  glass  houk,  and  touched  with  tlte 
H|  to  diadiarge  it  of  any  electricity  which  it  may  retain.    Tlie 
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glass  is  then  lifted  out,  and  the  outvr  coating  alw  ' 
tliuD  put  tOj^Uicr  agaio,  and  is  found  to 

a  spark  as  it  would  have  giv«ii  origtaally. 
r\^  SS8.    Discliars«   by  Alternate  Costadl 

^  stead  of  di.tcharging  a  Ijcydi'ii  jar  at  d 

^^^^  connecting  ita  two  coalings,  we  may  gn^ 

IJ^^B  discliarge  it  hy  alternate  contacts.     To  dl 

I^H  we  must  aet  it  on  an  inHulaCing  stand  ((a| 

^^^  wise  insulate  both  coatings  from  the  mi4 

3  then  touch  the  two  coatings  alternate); 

every  contact  a  small  spark  will  lie  drawn, 
coating    last    touchcl    has   always   ntlM 
electricity  upon  it  than  the  other,  Itut  tbd 
«|^^»  ence   U  an  exceedingly  small   froctJool 

Fy^B  whole   charge,   and,   after  a   great  nt 

^^1^^^^^     sparks  have  been  drawn   by  Umm 
^^^^^^^^Bft   contacts,  wfl  may  obtain  a  po« 

^^^^^^^^^    charge  by  connecting  thu  two  coatings. 
The  quantities  of  oli-ctricity  tlius  alt 
disoliarged    from   tlio   two 
decreasing  geometric  series,  one  for  each  coating, 
and  m'  be  two  proper  fractions  such  that,  whi-n  tlie  out<r  < 
OOlUMCtcd  with  tlie  earth,  the  ratio  of  its  charge  to  that  of  ( 
is  — m;  and,  when  the  inner  coating  is  oonnveted  with 
^e  ratio  of  itA  ehai-ge  to  tliat  of  the  outer  is  — m',  wt 
following  aeries  of  valuea:^ 


ns    IfX—lU  Kith  »0T 


Oriutnal  ehwgn, 
AfttT  III  oonlMl^ 
ad      ., 

sa    „ 


On  l*nn  BMltaf. 
.     +Q 

.     -f  «'■>  Q 

.      *  !>%•<  Q 

an 


>The  cjuantities  discharged  from  the  inner  coating  an),  i 
(1  — m'm)  Q,  m'm  (l-m*m)  Q.  m'*m*  (1— m'm)  Q,  1st; 
()uantities  succvssively  discharged  (rom  the  outer,  nsgli 
are  m  (1  — m'm)  Q,  m'm'  (1— to'to)  Q,  m'*m»  (1  — m'm)Q,J 

The  quantity  (1— m'm)  Q  discharged  at  tin  finl 
itcnta  tliat  portion  of  tlie  eliargo'  which  is  not  due  to  i 

'  Tbli  portloD  o(  the  orlgUul  (Ji*rB«  li  Hkld  (o  bs/w;  ud  tk*  i 
6ntml,  dittimiJaUil,  or  laltni.    Thmi  tonn*  are  »ppUMU*  la  •!]  i 
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U  ftctual  Mpacity  oE  tho  Leydvn  jar  U  to  the  capacity  of  the 
OKting  if  left  to  ite«lf  as  1 : 1  -  m'm. 

disebargo  by  alternate  conUcta  can  be  effected  by  mciuu  of  ■* 
ini8p«Ddc<l  between  two  bells,  as  in  Fig.  384.  The  rod  from 
Mr  coating  terniioates  in  a  bell,  and  the  out«r  coating  is  COD- 
.  of  an  arm  of  tin,  with  another  Iwll  8iipporte<l  on  a 

uic-tallic  column.  An 
insulate*]  metallic  ball 
is  suspended  between 
the  twa  This  is  fint 
attracted  by  tbe  posi- 
tive bell.  Then,  being 
repelled  by  tlits  and 
attracted  by  the  other, 
it  carries  its  charge  of 
positive  electricity  to 
th6  negative  bell,  and 
recolvea  a  charge  of 
negative,  which  it  car- 
ries to  the  positive  btll, 
and  so  on  alternately. 
Tbe  whole  apparatus 
Btonds  upon  an  inxulat- 
Ing  support.  It  is  not. 
tr,  MGSHuy  tbat  the  carrier  should  be  insulated  from  the 
but  it  most  bo  inAulated  from  both  coatings. 
,  ODndenaln;  Power. — By  the  condensing  power  of  a  given 
[stDcnt  in  lurant  tho  ratio  in  which  the  capacity  of  the 
ing  plate  is  increased  by  the  presence  of  the  condensing  plate, 
ntio,  as  we  have  seen  in  laat  section,  is  equal  to  the  frac- 

^yjj.     RieiHt  has  invetrtigatod  iu  amount  experimentally  under 

ig  conditions,  l^  me&ns  of  the  apparatus  reprmcnled  in  Fig. 
hich  is  a  modification  of  the  condenser  of  ^pinus.  It  consLsts 
o  ootsJlic  plates  A  and  B,  supported  on  gla^s  pillars,  and 
Sag  oo  a  rail,  so  that  ihoy  can  be  adjusted  at  diffei-ent  di§tancaB. 
•n  them  is  a  large  glass  plato  G.  A  ts  charged  from  tbe 
BO,  B  being  at  the  luuiio  time  touched  to  connect  it  with  the 
iL  Tbe  electrical  denniiy  on  the  anterior  fncv  of  A  was  ob- 
by  tneana  of  Coulomb's  proof-plane  and   tontion-bolance. 
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Ritiss'  experiments  aro  completely  in  agreement  with  the  tboNf 
down  in  lh«  preocdinj;  sections  of  this  cliopter;  for  example, ht fa 
among  other  resulte,  that  the  condcnaing  power  wa«  ind 


lit-    iV,    -(\>llilc91M  of  JEpldOfc 


tlie  abdolute  charge,  and  thai  it  varied  nearly  in  tlio  in' 
tJie  distance. 

624.  IsQueDce  of  the   Dielectric. — Faraday 
amount  of  condensation  obUiim-d  in  ffvm  ptmUoaa  of 
ducting  plate»  dejiended  upon  th«  material  of  Ui«  inbmvn 
O(mductor  or  duUetrtc     Fig.  3$G  reprSHenta  a  modi: 
of   Faraday's  experimenta.     A  ia  an  insulated  metallic 
a  charge,  wbicli  we  will   suppose  to  be  positiv«.     B  and 
two  othor  insulated  metnllic  diMK  at  equal  dixtancm  bxo 
Laving  a  small  clectrie  pt^miiilum  suspended  at  its 
and   C  h&  t^juched  with  the  hand;  thvy  will   hecomi 
electrified  by  induction,  but  their  negative  eleofcririty  will 
(m  their  sides  which  face  towards  A,  and  the  pendul 
vertically.    If,  while  matters  are  in  this  condition,  wt 
to  A,  w»  shall  BM  both  the  pt-nduluma  diverge,  and  oo 
ahail  tind  that  the  pen<lulum  B  diverges  with  pouUvit. 
negative  electricity.    Tlie  reason  is  obvious,    lltt  m 
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iaereaAed  induction  bttwocn  them,  6o  tbftt  more  nogntivo 
to  the  face  of  B,  and  jxxtitivu  is  driven  Co  its  bock;  &t  tti« 

le  the  ^rmmetrical  distribution  of  oloctricity  on  A  is  dia- 

i  portion  being  aocumiilated  on  the  side  next  B  at  the 

if  the  side  n«xt  C.    The 

t  action  of  A  upon  C  is 

Inintiw],  and  a  portion  of 

live  charge  of  C  is  l«ifl 

■wd  itself  over  the  back, 

t  tlie  pitli-biai. 

[1«  the  discs  are  in  their 

Mition,  B  and  C  being 

ot    from    A,    and    the 

ns  verticiii,  we  interpose 
6  and  A  «  plate  of  aul- 

ellac.  or  an^  other  good 

-,  the  same  eSect  wilt  be 


nt   Ut  -ChM4*  tft  PliMUKK 


t  ac  if  B  had  buea 
hmtot  to  A  Wo  ttits 
tat  the  insulating  plat«  of  a  condensing  arrangement 
at  otily  to  prevent  discharge,  but  also  to  increase  the  induc- 
OD  and  consequent  amdenaation,  as  compared  with  a  layer 
t  the  same  thickness;  indactive  action  through  a  plate  of 
or  ■bellae  of  given  thickness,  is  the  same  as  through  a  thinner 
ttta  The  numbers  in  the  sulJMned  table  (which  oontftina 
*•  ratults)  denote  the  tliickneits  of  each  material  which  h 
nt  to  nnit  thickness  of  air.  For  example,  the  mutual  in- 
through  224  inches  of  nulphur  b  the  eame  as  through  1  inch 
These  numben  are  called 


Sranno  Ixdiktivi  CAi^Acrms. 


I'M 
1-41 

1-n 


PUch ISO 

W«, 186 

SMImv 2-00 

Sulphw, 2-24 


pHni  of  the  actual  thicknoss  of  the  plat«  by  the  spedfio 

■  CKpacity  of  its  material  may  appropriately  be  called  llie 

I  irduetd  to  its  equivalent  of  air,  or  simply  the  reduced 

*. 

orcgDiiig  numbers  for  aolids  appear  from  subsequent  researches 
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to  be  too  amaU.     Prol<ably  Uic  bust  di-tunmnatioiiB  in 
OordoD,  wbicb  mtj  be  BUmmartxed  u  follows; — 


QlkM, Si)U<3'3 

SbellM, IJt 

Sulphur. S'ii 

fijlitl  ixtnlKii, I-0S 


Iniiift-niliUir,  iiiuk, . 

M  gnj.   . 

BUoU^ 


SSA.  Faraday's  Determinations. — Fai&dsy,  to  whom  tbag 
dii^covery  of  epecific  inductive  capacity  »rc  duo.  oper 
paring  the  capacities  of  condenacni,  alikt-  iii  all  other 
differing  in  the  inatcrinU  employed  a»  divlratno,    Oita  of  Uifl 
dftDScn  is  repreacntcd  in  Fig.  3S7.    It  is  &  kind  of  htji»  j 

containing  a  metallic  sphere  A,  i 
the  rod  M,  and  fonning  wHh  U 
conductor.    The  outer  oonduetor ' 
the  hollow  Kphcrv  B  divided  into  i 
isphcrui  which  c*n  be  detached 
other.    The  interval  between  tb«< 
inner  conductor  can  be  fUlod,  eilbiri 
a  cake  of  solid  non-^onduding  wiid 
or  vriU)  gas,  which  can  be  iuMdwal 
tni-nnK    of  the   cock    B.      The 
oUwrvation    and    ivdnctioo    will 
understood  from  on  example. 

The  interval  being  occupied  bjri 
apparatus  was  ohaiged.  and  a 
bax'ing   been  made   to  touch  tk* 
of   the   knob  M.  was   tntrndocMl 
Couiomb'H  tootion-faalaiioe,  aod 
be  charged  witJi  a  quantity  of  etoctricity  n^preMoted  \ij ' 
tunuoD.    When  tJie  second  apparatus  was  iirecisely  similar  ttl 
lirst,  it  was  found  that,  on  contact  of  the  two  knofaa^  tlrt  (kN 
divided  itsvlf  equally,  and  tlie  camui^ball,  if  applied  to  i 
took  a  cliarge  rcprcwntcd  very  nearly  by  125*. 

The  condition!!  were  then  clianged  in  tlie  following  way. 
jar  still  containing  air,  the  interv'al  letwreo  iha  two  ' 
the  second  was  filled  with  sliellac.  it  was  Uh'D  found  that  iU 
jar,  bcin^  charged  to  290°.  was  reduced,  by  corit«ct  uf  it*  klob' 
that  of  the  shellac-jar,  to  114'°,thua  l<«ing'l70".  If  noaUom 
made  for  dij^ipation,  tlio  capacities  of  the  air-jar  aodabdbe>ifl 
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m  be  M  114 :  176.  or  ae  1 :  1*54,  and  the  specific  inductive 
y  of  fhoUac  would  In*  !'5+. 

PoUriutfon  of  the  Dlelectrio. — As  tho  int«rpo«od  non-oon- 
,  or  dialoctric.  Diodill«s  th«  mutual  action  of  Uie  two  electri- 
rhicb  ii  sopantt-ii,  and  does  not  play  the  mere  passive  part 
WM  sttributod  to  it  before  Faraday's  experiments,  it  ia  natural 
elude  that  the  dielectric  must  itself  expeiioDoe  a  peculiar 
mtioo.  According  to  Faraday,  thin  modification  consists  in 
ixation  of  ito  particUti,  which  net  inductively  upon  each  other 
the  lincfl  of  foroe,  and  have  each  a  i>o»itive  and  a  nc^tivu  side, 
dtive  side  of  each  facing  Uio  ncigatiro  side  of  the  uexL  This 
mtion  is  caipable  of  being  suatoinfl  for  n  great  length  of  time 
1  iion-eoiuluetoT«;  but  in  good  oonductor»  it  instantly  leadt  to 
Tgt  befwoon  BuoocAsive  partidefl,  and  the  opposite  electrieitiea 
'  only  at  the  two  surfaces. 

polarization  of  dielectrics  ia  clearly  shown  in  the  following 
Eoent.    In  a  glass  veasel  (Fig.  3t(8)  is  placed  oil  of  turpentine. 


nt  na-rototnUM  of  miiHtWa, 


ifatg  filaments  of  ailk  S  or  S  niillimetovs  long.  Two  motallie 
it  B,  each  terminating  within  in  a  point,  are  connected,  one 
he  ground,  and  the  other  with  an  electric  machine.  On  work- 
■  madiine,  the  little  lilaments  are  Hcen  to  arrange  themselvra 
IB  between  the  points,  and,  on  endeavouring  to  break  the  lino 
glass  rod,  it  will  be  found  that  thi-y  return  to  this  position 
UuudvTnble  pertinacity.  On  stopping  the  machine,  they  ininie- 
'  fall  to  the  bottom. 

»xpertQM>iit  of  Matt^-uci'ii  (IcmonHtmleN  this  polarization  still 
lireetly.  A  number  of  titin  plates  of  mica  are  prewi-d  strongly 
Br  botwocn  two  metallic  plates.  One  of  the  metallic  pUte«  is 
d,  while  the  other  is  connected  with  the  ground;  and,  on 
lag  the  metallic  platiw  by  iiuulating  handles,  it  is  found  that 
jBica  plates  are  polarizod,  the  facu  turned  towards  the  pwitive 


Liquid  u  well  as  solid  dielectrics  are  Uius  aflectcd,  ih* 
ence  being  that  is  solida  the  effect  takes  about  half  i 
attain  ita  maximum,  and  dies  away  graduallv  when  tl 
forces  are  removed;  where&s  in  liquids,  the  full  eSeet 
iattautancuusly,  and  tho  disappeoraiioe  is  also  instantai 
dimctiuD  of  viftion,  in  Uic  experiments,  wu  at  right  oi 
lines  of  force;  and  Uie  opUcal  etrect,  per  unit  o(  tUicki 
direction,  was  found  to  vary,  in  any  given  liquid,  din 
square  of  the  electric  force. 

627.  Limit  to  Thinness  of  Interposed  Plate. — We  have  i 
that  the  cnpiicity  of  a  coudcoscr  vario«  IovptsoIv  as  I 
between  the  collecting  and  the  Goodonsing  plat(\  But 
touce  is  vci>'  small,  Um  resiettanco  of  the  interposed  diele 
varies  directly  m  iix  thickness)  may  be  insuffideDt  to  ] 
charge,  and  it  will  not  he  practicable  to  eetabliah  a  grai 
of  potential  between  the  two  plates.  We  may  practicmlly 
two  sorts  of  condensers,  one  sort  having  a  very  thin  dii 
very  great  condensing  power,  but  only  ca]>ublc  of  beinfl 
feeble*  potential;  the  other  Iiaving  a  dielectric  thick  cboi 
tlie  highest  tension.1  attainable  by  the  electrical  inM 
Leyden  jar  comes  under  the  second  category.  The  tint  i 
electrophorus  (excopt  in  so  far  as  its  action  is  aided  bgEJ 
solo),  and  the  condoDser  of  V'olta's  ctectrosoope.  fl 

626.  Condensera  for  Qalvanio  Electriolty,  —  Condoii 
large  autface  are  used  for  certain  applications  of  £&lTui| 
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or  paper  aatunted  with  poraHin  wax  betwcon  Oiein.     The  Ist, 
Sth.  ^c,  abeets  of  tin-foil  are  cijiinected  togetiier  and  oorrespond 
eoating  of  a  Leyden  jar,  and  the  2d,  4t3i,  6tb,  kc,  eheete  are 
aiid  eovraspood  to  the  other  cootiog.    TIr'/  arc  cliar^-d 
one  of  Uicse  coatings  to  om  pole  of  a  tatt«ry  and  tho 
coating  to  the  other  pole. 

'.  Tolta'a  Condenaing  Electroscope. — Tbia  instrument,  which  has 

very  important  services  to  the  acience  of  electricity,  ditfera 

the  siinplo  gold-leaf  elsctrosoopc  previously  dcscribod  {§  565), 

Ting  at  it<  top  two  metal  platex,  of  which  the  lower  one  'a  con- 

irith  the  goId-leav«i«,  and  is 

on  ita  up]ter  faoe  with  tn- 

ittBg  varnish,  while   the    upper 

wnished  on  ita  lower  face,  and 

liabed  with  a  glawt  liatidlc.    Theeo 

fjaiaa  cooatitute  the  oondt-nMr. 

liag  the  inittrumont,  one  of  tiic 

platM  (it  mattvnt  not  which)  is 

iged  liy  nioan.i  of  tlie  bo^ly  to  he 

id,  while  tlie  other  ia  connected 

tbe  earth.     Tliey  thus  n-ceive 

putc  and  eetiaibly  equal  charges. 

upper  plate  is  then  lifted  off,  and 

UghtT  it  is  nl'«i-d  the  wid<.'r  do 

HoId-leavcM  diverge.   The  aepara- 

dl  the  plalci4  diiiiinJAhe-H  theca|>a- 

,  ud  str<^ngtheiLs  the  potential  of  both,  one  becoming  more 
igljr  po^tive,  and  the  other  mwe  strongly  negative.  This 
iacrease  of  pott-ntial  enorg>',  whicli  is  represented  by 
nt  of  work  done  against  electrical  attraction  in  sejiarating 
No  increase  in  quantity  of  electricity  is  produced  by  the 
;  hence  the  instrument  is  chiefly  serviceable  in  detecting 
of  electricity  which  is  available  in  large  quantity  but 
potential  "nie  glass  handle  of  the  upper  plate  is  by  no 
tial,  as  it  is  only  neoceeory  that  the  lower  plate  should 
llio charge  may  be  given  by  induction;  in  which  case 
plat*  mast  be  connected  with  the  earth  while  the  Inducing 
la  held  near  it.  and  the  nther  plate  must  be  kept  connected 
Um  earth  while  the  influencing  body  is  withdrawn.  The 
will  then  be  left  charged  with  opposite  electridtiee.  that 


nr  n>  -Oisduafaw  Clt<4n«>pk 
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in^  while  their  inner  ««tJngB  ftre  conniwt«d  by  linbs 
MjvisaUe  that  the  outer  ooatiugs  sliould  hnre  vrn.*  fnw  i 
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'eonnecUng  the  inner  eoatingn  with  Oto  cotiductor  of  the  machine. 

WMtber  this  is  usually  a  v^r^-  difficult  operation,  on  account 

Urge  qu&ntitj  of  olectrii-ity  required  for  a  full  chargv,  and  thv 

nirfaoe  from  which  difisipation  ffii!*  on. 

toltx's  tnscliinu  can  be  wry  odvuitAgcoiuly  cmpluyvd  forchar^ing 

Lattt-ry,  one  of  ito  poW  Ixung  oonoeeted  with  the  inner,  and  the 

Ker  vitb  the  outer  coatinga.     In  dry  weather  it  givea  the  charge 

lb  BorpHsinK  qitickni'ss. 

■SI.  Lichteobtrg-'a  Fi;nre&. — An  int<:T«eting  expei-imcnt  devised  l>y 


Hit,  NL-UcbUBbas't  ftiuio. 


IrtUtnbwg  avrea  to  iUtutrata  the  difierenca  between  the  physical 

npvrtiM  of  posiUv«  and  negaMve  electricity. 

Jt  L"yd«n  jar  is  charged,  and  tlie  operator,  holding  it  by  Uiu  outer 


■J 


~40m^en6ua~  'The  paritcTee  of  Bulphor  (repreeented  If 

pattern  in  Fig.  391)  arrange  tbemaelves  in  bntncTiing  UiM 

red-lead  (shown  in  tbo  outer  pattern)  forms  circular  sp 

it  would  appear  that  positive  electricity  travi-is  along 

more  eanily  than  nej^tivc     A  tuiuilar  difference  ha«, 

pointed  out  between  positive  and  negative  branlies. 

682.  Cliar^  by  Cascade. — Instead  of  connecting  all 

ings  together,  and  all  the  outer  coatings  together,  as  in 

batter)',  we  may  connect  a  number  of  jara  in  series. 

coating  of  the  first  jar  is  to  be  connected  with  the  primi 

of  the  machine;  and  its  outer  coating,  which  munt  be  inn 

the  earth,  is  to  be  connected  with  the  inner  coating  of 

jar.     Tlie  outer  coating  of  Uiis  is  in  lilce  manner  to  b< 

with  the  inner  coating  of  the  nest,  and  so  on  to  the  I 

outer  coating  of  which  must  be  connected  with  the  eli 

the  mochino  is  worked,  a  positive  char^ge  u  given  to  the 

iag  of  the  fintt,  and  a  scnsiblv  equal  negative  charge  ts  to 

its  outer  coating,  this  negative  charge  being  dimwn  froi 

coating  of  the  second,  which  accordingly  acquire  a  poin 

sensibly  equal  to  that  given  from  the  machine  to  the  fin 

reasoning  can  be  ext«nded  tlirough  the  whole  diain.     I 

denote  by  Q  the  charge  given  to  the  inner  coating  of  t 

the  inner  coating  of  each  Jar  in  tlie  aeries  haa  a  cboj-ge  -| 

outer  coating  a  charge  —  Q.     If  we  further  suppose  i 

have  the  same  capacity  C,  and  if  we  denoU)  the 
innnB  »»••:>..•  i.^  V   -V-J  v  ir    •-.>  ..kail  u 


ess 

V,— Vfc  V,-V, . , .  V„— 0,  wo  obtain  V,,  which  ta  acoordinglj 
:  to  It  Umea  ^,  and  we  have 

g=T,-V,=V.-T,=,'ft«L,  =^. 

oompore  the  charges  of  these  jais  with  the  dtarge  which  Uie 
:  jar  would  have  receivod  if  its  outer  coating  had  been  coonecte-l 
I  earth  in  the  ordinary  way.  the  prime  conductor  boing  eupjiosed  to 
thu  ttamc  potential  Vj  in  both  casoH,  wo  have 

Q  =  i0V, 

each  jar  in  the  fierim,  whereas  we  should  have  had  Q'  =  CV, 
the  single  jar.     The  charge  of  each  jar  in  the  series  is  thercftav 

of  its  ordinary  charge. 

regards  energy;  for  the  single  jar  the  energy  would  be  JQ'V.= 
;V,',  while  for  any  one  jar  in  the  scries  the  wiergy  would  be 

ia  -,  of  the  energy  of  the  singk  jar. 

■  lb(L<t  arranged  are  said  to  be  chained  by  cawade,  the  name 
HUg^ted  by  the  successive  falls  of  potential  frnm  jar  to  jar. 
Iiey  can  either  be  dtsdiarged  in  succession  by  connecting  the  two 
of  each,  or  all  together  by  connecting  the  inner  coating  of 
first  with  the  outer  coating  of  the  latt.     In  the  former  case  the 

of  nach  npark  is  )^CV,*,  as  appears  from  the  above  calculn- 
In  Uir  Intber  case  the  eiiergj'  of  the  single  spark  is  )-CV|*. 
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633.  Disch&rg:e  of  Batteries. — ^I'he  «t]«cu  produced  bj-  tbe  i 
of  a  ijeyden  jar  or  battery  differ  only  in  degree  trom  thou  it  a 
ordinary  electric  spark.  The  shock,  wlucb  is  smart  even  with  s  «*i 
jar,  bucoiuoA  formidable  n-ith  a  krgo  jar,  and  still  more  iritli  a  1 
of  jare. 

If  a  shock  is  to  bo  ^ven  toamtmherof  perMKualooM.tbtyi 
form  a  chain  by  holding  hand^.    The  person  at  one  end  ef  tba  I 


ki^ 


Re  «L-C»Uwt  ruM 


must  place  his  liand  on  th«  outer  coatiii};  of  a  ehar]ged  jar,  i 
person  at  tlie  other  end  utust  touch  the  knob.    Tbe  sbodc  will ! 
by  all  at  once,  but  aonien-liat  less  severely  br  thotte  in  tlw  i 
Tbe  coat-d  pane,  repre3eQt«d  in  Fig.  392,  is  ^mply  a  i 
consisting  of  a  pane  of  glass,  coated  on  both  sides,  in  ita  i 
tioD,  with  tin-foil.     Its  lower  coating  ia  connected  with  tbs  < 


HRATINO   METALLIC  THRKADS 


6S5 


a  char:ge  is  given  to  ita  upper  coating  by  the  machina. 
it  is  cbu:ged,  if  s  poison  endeavours  to  taJte  up  a  coin  l&id 
B  Upper  faoo,  ho  will  expcrii-D'?^.-  a  shock  as  soon  as  his  hand 
war  it,  whidi  will  produce  involuntary  contraction  of  his  arm, 
ivent  him  from  tjiking  hold  of  the  coin. 

Heating  of  Metallic  Tbreadft. — The  dJMcliarge  of  clKtricity 
1  a  conducting  system  produces  elevation  of  temperature,  the 
i  of  beat  generated  being  the  equivalent  of  tJie  potential 

which  nuts  down  in  the  discharge,  and  which  is  jointly  pro- 
al  to  quantity  of  electricity  and  difrvrGitce  of  poti^'ntial.  The 
MCenc^-  of  a  tiiiv  ui<.-tallic  threat]  can  bo  easily  produced  by  the 
g«  of  a  battery.  The  thread  slMuId  be  made  to  connect  the 
1 6  of  an  apparatus  called  a  univermU  di^cAargtr  (Fig.  393) ; 


uJnnil  MaiAuxiii. 

being  the  extremttiea  of  two  metallic  arms  supported 
«  (terns.  One  of  tlie  arms  is  cmnected  with  tlie  external 
I  of  the  battery,  and  the  other  ami  is  then  brought  into  coii- 
I  with  the  internal  surface  by  ineaiia  of  a  discharger  with 
laDdlea,  At  the  instant  of  the  .-ijiark  paasing,  the  tliread 
•  red-hot,  melts,  bums,  or  volatilizes,  h-aving,  in  tlic  latter 
,  oolourw]  streak  on  a  sltect  of  paper  «  placed  behind  it  When 
read  is  of  gold,  thia  streak  is  purple,  and  exactly  resembles 
irics  left  on  walls  when  bell-pulls  containing  gilt  tliread  are 
by  lightning. 

BeeUie  Portrait. — The  volatilization  of  gold  is  empli^ed  In 
big  wlmt  are  calle<l  vlt«tric  portraits.     The  outline  of  a  por- 
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trait  of  Franklin  is  executed  in  a  tbin  card  l^  catting  M 
strips.    Two  shtet«  of  tin-foil  arc  gummed  to  opposite  i 
card,  whicli  is  then  laid  between  a  gold-leaf  and  another  < 
whole  in  then  placed  in  a  pr«fls  (Fig.  394),  tlie  tin-foil 


:% 


to  protrude,  anil  strong  preseore  is  applied.     The  prtm . 
on  the  table  of  the  um^'ersal  diacbaigcr,  and  the  two  kaobd 

latter  are  oonnedad  will 
two  sheete  of  tb-l 
dischazs*  iatliea[ 
gold  ia  volatilixtd.  ai 
vipour,  paaiing  tlin^ 
slita  to  the  while  evdl 
hack,  leavet  faxfb  t 
which  tepKiiaet  iktdi 

B86.  VOottlj  «f 
city. — Soon  afbr 
vention  of  the 
variota  attempti  < 
to  detsnniBe  the| 
with  which  the 
travela  thzou^  a  i 
connecting  tbel 
Wataon,  about  1748,  took  two  iron  wiivs.  «acb  mom 
long,  which  he  arranged  on  insulating  isupportx  in  sadi  a ' 
all  four  ends  were  near  together,  lie  held  one  «-nd  of  okIi  vii 
hia  hands,  while  the  other  ends  were  conneelw]  with  th»  twi 
ings  of  a  charged  Jar.  Although  the  electricity  had  . 
to  travel  along  each  wire  before  it  oonld  reach  hi* 
nerer  detect  any  int«r\-al  of  tine  between  the 
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1  knob  of  the  jar  and  the  shock  vrbich  he  felt  Th«  velocity 
act  far  too  great  (o  he  thus  mctuuroc). 
tstone,  abcvut  1836,  invcetigatod  tbo  subject  with  th«  aid  of 
IviDg  uirror  of  whidi  we  have  spoken  above  (§  '>!)l).  He 
d  the  two  coatings  of  a  Leyile-n  jar  hj  means  of  a  conductor 
4(1  breaks  in  three  places,  thiia  giving  rise  to  three  aparks. 
1»  Hparka  were  taken  in  front  of  the  i-evolving  mirror,  the 
I  of  the  images  indic&ted  a  retardation  of  the  middle  spark, 
ared  with  the  other  two,  which  were  taken  near  t3tc  two 
of  the  jar,  and  were  strictly  Kiniultaneouit.  The  middle 
as  sepanted  from  each  of  the  other  two  by  a  quarter  of  a 
opj>er  wire.   He  calculated  that  tlie  retardation  of  the  middle 

u  rnon  "^^  *"  B^'C'^'^*^*  M'hidi  wan  thcrefuru  the  time  occupied 

lUng  through  a  C|uarter  of  mile  of  copper  wire.  This  is  at 
of  888,000  milea  per  second,  a  greater  velocity  than  tliat  of 
tiich  is  only  about  l8<t,000  miles  per  Hocond. 
the  introduction  of  electric  telegraphs,  several  obserA-atioiu 
>n  taken  on  the  time  required  for  the  transmission  of  a  nigoai. 
ADcv,  trials  in  Quocnstown  harbour,  in  July,  IH5C,  when  the 
tkmt  of  the  fint  Athiutic  cable,  on  board  tlio  Affamemnon 
tgam,  were  for  the  fir»t  time  joined  into  one  conductor,  2500 
og,  gave  about  1]  aecondA  a.H  the  time  of  tTnasmiwiiun  of  a 
font  induction  coib,  corresponding  to  a  velocity  of  only  1400 
V  i»eoood.  In  18,^8,  licforc  n^in  proceeding  to  Hca,  a  quickir 
e  seasitive  receiving  instrument — Tiiouwon'a  mirror  galvnno- 
gave  a  sensible  indication  of  ri&ing  current  at  ooe  ewl  of 
IcB  of  cable  about  a  second  after  the  application  of  a  Donicll's 
at  thu  other. 

nu  to  be  fully  established  by  cxporimcnt  that  electricity  has 
lite  x'clocity,  and  that  its  ap|>arent  velocity  depends  upon 
drcuuiAtanccs,  being  greater  tlirough  a  idtort  thim  thmugh 
ine,  greater  (in  a  long  lino)  with  tJie  greater  intensity  and 
lea  of  tlie  source,  greater  with  a  copper  than  wiUi  nn  iron 
d  macb  greater  in  a  wire  suspended  in  air  on  poUw  than  in 
oonded  by  gatta-perchaandironsheat])ing,and  buried  under 
or  und^r  water.  In  a  long  submarine  line,  a  short  ftharp 
tot  in  at  one  end,  cornea  out  at  tlie  other  as  a  signal  gradually 
ag  from  nothing  to  a  maximum,  and  then  gradually  dying 
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637.  Unit-jar. — For  quiu)Ut«Uv«  oxperimants  oo  tlw  afM 
discharge.  Lane's  unit-jar  luui  freqnenUy  boon  otaplojed. 
forma  is  represented  in  Fig.  390.    It  consists  of  s  very  i 
pbi&l,  having  two  knobs  a,  b,  one  ooonect^  with  cacb 
distftncv  between  them  being  adjustable  by  meanii  of 
To  invatiurft  the  charge  given  to  s  jar  or  battety,  the  lattKr  b  {I 
upon  an  insulating  sup- 
port, its  inner  coating  is 
connected  with  the  OOD- 
tluctor  of  the  machine, 
and  its  outur  coating  is 
connected  with  the  inner 
coating  of  the  \i nit-jar. 
The  outer  coating  of  Uie 
tinit-jar  must  be  in  con- 
nection with  the  ground. 
\Vh«n    Ui«   machine    ta 
worked,  sparks  paas  be- 
tween a  and  b,  each  spark   being  produced  by   Uto 
•letinite  ijuanlity  of  electricity  from  the  outer  coating  ef  i 
tery,  and   indicating   the  addition   of  a  definite   amount  { 
charge  of  the  inner  coating.     The  charge  is  mcasored  bj  i 
tlie  aparkit. 

Rnow  Harris  modified  tlie  arrangement  by  iasulating  tLo I 
instead  of  the  battery.   One  coating  of  his  unit- jar  is  i 
the  battery,  and  the  other  with  the  conductor  of  the 
battery  thus  receives  its  diargc  through  the  unit-jar'  bj 
of  diacharges  between  tlie  knobs  a,  6,  each  r^preaeudng 
(juantity  of  electricity. 

Both  arrangements,  as  far  as  tlieir  mcMuring  power  !■ ' 
(lcpen<l  u])on  the  assumption  that  discharge  between  two  pf 
liiictors,  in  a  given  relative  position,  involves  the  trmosfer  of  a  drf 
quantity  of  electricity.  This  usumption  implies  a  ooBataat  VtJ^ 
of  the  atmufiphcrc-.  It  nuiy  bu  nearly  fulfilled  during  a  abort  hW 
of  time  in  one  day,  bui  ia  not  true  from  one  day  to  anotbtc  It 
over,  it  is  to  be  remembered  that,  km  di-vipatioa  is  contJnittllyi' 
ou,  the  actua]  charge  in  the  batteiy  at  any  time  b  !«■  tta 
measured  charge  which  it  baa  reoeiTed. 

'  Lmw'i  uruiganont  mlglit  ban  been  deMHbsd  I17  mjlaf  th«t  tfc*  mtr  * 
bUUtj  Ne«t*B*  1C>  npgatire  «lux)[e  tram  tb*  cmIIi  Uuovgh  tfa*  taA-^ 
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■•ehuiMl  Effoeta. — The  offocts  of  duchsn^e  ihrough  bad 
on  HTK  illtutrAtvd  bj  several  wull-known  ftxj>criin(!nt!«. 
tnctttre  of  cariL  A  card  is  placed  (Fig.  S07)  between  two 
ioimect«d  with  two  conductors  with  are  insulated  from  one 
hj  means  of  a  glass  Kt«in.  Thv  lowor  coiidtictor  tiaviitf^ 
UMCted  with  tlio  out«r  coating  of  a  Loyd«n  jar  whicli  is  held 
iaiul,th«  knob  of  thi^  jar  ia  broii^^ht  near  the  upper  conductor. 
:  pHtea,  aitd  another  Hjiark  at  the  iuune  instant  pa.sses  be- 
he  two  points,  anri  puncturea  the  card.    In  performing  this 


IK  KS  -taaHuttalCaTi. 


Mstt  it  IB  olMjrred  that,  if  the  points  ore  nob  opposite  each 
be  perforation  is  dotsc  to  tJie  negative  point.  Tliix  want  of 
zy  appears  to  bo  due  to  tlie  propertioa  of  the  air.  Wb«n 
meaitit  are  mule  for  exhausting  the  air,  it  is  found  that,  a.i 
isf^  of  the  air  is  diutinislied,  the  perforation  takes  placid 
a  th«  centre. 

plerdng  of  a  card  can  vcrj-  eaajly  bo  eSected  by  Uolta's 
t.  Ita  two  conductors  an)  connected  with  the  two  oontiiig>' 
kll  Loydcn  jar.  The  dischargca  between  the  polos  will  tliei. 
of  powerful  detonating  spark:*  tn  rapid  sueccwiun;  and  if  a 
F  paper  or  card  be  ioterposed,  everj*  spark  will  puncture  a 
hole  iniL 
rfimUum  of  Gtaaa.   To  effect  the  perforation  of  glass,  a  pane 


The  expcrimcot  sometimes  fails,  by  dbditrgo  taking 
Uw  edge  of  the  glttn  instcud  of  tlirough  its  eubstance. 
this,  a  drop  of  oil  in  placed  on  Uie  upjirr  face  of  tlie  pUaa 
where  the  hole  in  to  be  made;  but  tbi»  precaution  tloM 
insure  success,  and,  when  the  experiment  has  once  failtd 
to  try  it  again  with  the  same  pii-ce  of  glass,  For  the  elcdl 
to  follow  in  the  courso  whicli  the  fir»t  diachtripo  his 


TIRIVQ   HINm. 

mixwl  wiUi   powdvred  rosin  c&n  be  kindled  in  tiitt  same 

A  mlmiUr  Arrftngccncnt  ia  ofton  UMcd  for  exploding  mtnca.     A  fmc 
I •mplo^'ed  conUining  two  win.ii  «)nl>t>d<led  in  gulta  prchn,  bat  with 
ir  ends  onprotcctfld  »nd  near  tc^tber.    On«  of  tbeae  wiras  ia 


nc- 1$»-  Uus-ooUon  rind. 

with  th«  out«r  coating  of  ft  ooDdensor,  ftnd  the  oth«r  U 
lit  into  eoiiiinunicttttoii  with  tlio  inniT  coating.     Thv  discbarg* 
lUM  tn*d«  to  pAW  between  the  endit  within  Hk  fuw.  and  to  ignite 
'  influBtnftUe  compound  by  which  tb«y  are  surrounded.    Some- 
pM  one  of  the  wfree,  instoiul  of  being  eonnected  with  th«  out«r 
[^iog,  iii  connected  with  th«  cArth  by  means  of  a  biiried  wire. 


samrasKKFSBS 


640.  Object  or  Electrometers. — Electroraetera  are  Iiul 
the  measurement  of  differences  of  electrical  potential  ' 
electroscope,  the  atraw-clectroecope.  and  other  instnu 
some  type,  afford  rough  indicatioiu  of  Uio  diffweiMa 
between  tlie  diverging  bodies  and  tJte  air  of  the  a{)Artjne 
nieaaurable  indioationH  are  given  bj  the  eIectrom«t«ni  o 
Dellmaiui;  but  none  of  these  instruments  are  at  all  e 
precision  to  the  various  olectromotorfi  which  hare  been  u 
time  to  time  by  Sir  Win.  T1ionv»on. 

641.  Attracted -dJM  Electrometer*,  or  Trap-door  Eb 
Wc  shall  first  docribe  what  Sir  Wm.  Thomson  call*  "A 
KleetromotcrH."  These  instrument^),  one  of  which  ia  n 
Figs.  400,  401,  contain  two  parallel  disc*  of  brass  g 
aperture  in  the  centre  of  one  of  ihcm,  nearly  filled  D 
trap-door  of  aluminium  /,  which  lb  supported  in  audi 
admit  of  its  electrical  attmctioii  towards  the  other  dite  I 
by  a.  mcchnnical  force  which  can  be  varied  at  pleannn 
door  and  the  pi'ifcrated  plate  tiurrounding  it  tuuat  ha> 
as  nearly  a»  pottsihle  in  one  plane  when  the  observation 
as  they  are  electrically  connected,  they  may  then  bo. 
fonning  one  disc  of  which  a  amatl  cejUrtU  area  i«  mot 
i.H  always  attraction  between  the  two  parallel  discs,  i 
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t  sBine,  and  equal  at  oooc  to 


v-v 


and  to  4vp.    This  forc«  is 


llj  dne  to  attraction  t>y  one  p1at«  and  repulsion  l>j  the  other, 
I  of  these  having  the  intensity  "i  «  p,  or  half  the  total  intensity. 
i  A  denote  the  area  of  the  trap-door.  The  quantity  of  oloctHc-ity 
it  vrill  be  p  A,  and  the  forcu  of  attraction  which  this  uxpcrit^oes 
be  p AxSrp-'irp-A,  which  w«  Mtiall  denote  by  F.  Then 
the  Mjuatians 

T-V 


F=3r^A 


=  *»A 


U) 


'=A(V)'^--'-=iV 


BrF 
A   ■ 


m 


(find,  by  elttninatin;,'  p, 

I  -_  A/V-vV 

HI.  Al)MlBt4  Elwtromet«r. — In  tlic  ab»oItUe  tlettromfto:  whicii 
lewliat  rasemblca  Kig.  401  turned  upside  down,  the  force  of 
trieal  attraction  on  Uie  trap-door  in  measured  hy  direct  com- 
loa  with  the  ^avitating  force  of  known  weights  This  is  don« 
flnt  observing  what  woiglilfi  must  be  placed  on  the  trap-door  to 
Ig  it  into  podition  when  no  electrical  force  acts  (the  plates  bcin<,' 
irieally  connected),  and  by  then  rvmoving  the  weighu,  allowing 
Urioal  force  to  act,  and  adjusting  tho  plates  at  .mch  a  distauce  from 

another,  hy  the  aid  of  a  micrometer  acrew,  that  tho  trap-door 
I  again  be  brought  into  position.     Then,  in  c(|uaUon  (2),  F.  A, 

D  are  koowu,  and  tho  difroronco  of  potentiaU  V  — V  can  be 
innined.  In  tlie  atisolute  electrometer,  the  perforated  disc  /t  is 
cnitost,  so  that  tlie  <liroction  of  eleetrirnl  attraction  nn  the  trap* 

b  similar  to  tho  direction  of  tlic  gravitating  force  uf  llif  weightM. 

nvocw  arraugeinent  i»  utiualiy  adoptod  in  the  portable  electro- 

r,  which  we  shall  next  di^twribc.     In  botJi  instruments,  the  trap* 

constitutes  one  end  of  a  very  light  lover  j'il  of  aluminium, 
uicvd  ou  a  horizontal  axis. 
U.  Portable  Eleotrcaieter. — In  the  portable  tlecti-ometer  (FigR. 

401)  this  axis  pasftOs  very  accurately  through  tho  centre  of 
rtty  of  the  lover,  tho  suspension  being  effected  by  means  of  a  fine 
iom  wire  if  to  tightly  stretched,  which  is  secured  at  its  contr« 
I  levar  in  sudi  u  munnur  that,  when  the  tmp-door  eonim  into 
Uon,  the  wire  Li  under  torsion  tending  to  dimw  back  Uio  disc 

tlio  attracting  plate  ^7.  This  torsion  (except  in  so  far  aa  tt  is 
gted  by  causes  of  error  sucli  as  temperature  and  gradual  loss  of 

idty)  is  always  the  same  when  the  disc  is  in  position,  and  as  it 
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in  to  be  balanced  in  eveiy  otiaemtiMi  by  e1«ct>k4l  at 
latter  muBt  &Uo  be  alwa^*s  the  aama;  that  i.t  to  aay,  tha  qout 
in  equations  (2)  is  constant  for  all  obeervations  with  the  swae  ii 
meat;  whence  it  is  obviouB  that  V— Via  directlv  proportional 
the  distance  between  tli«  pluti's.  The  obfter\-ation  for  didlera 
potential  therefore  oouiuHts  in  altering  this  distance  until  Um 
door  oomos  into  position.     This  ia  done  hy  turning  the  mien 


11  J.  Mt  -IWUhlr  UiKliuiMWr. 


aczew.  by  means  uf  the  milled  head  m.  The  divided  drele  ti 
micrometer  inrlicat<-.4  the  amount  of  turning  for  small  f^iffUm^ 
whole  revolutions  are  r<.-ed  off  on  the  vertical  scala  blVMsd 
the  index  carTie<)  by  the  arm  d.  The  correct  podtiaa  k  i 
accurately  identified  by  means  of  two  sigbta,  one  of  tfa^  h 
attached  to  a  6xed  portion  of  the  instntment.  and  the 
end  t  of  the  lover.  One  of  tliCHC  sighta  roovee  an  iw)  <_ 
in  front  of  the  other,  and  thoy  aru  vicwwl  throng  »J 
front  of  both.  Thiit  nrnuigement  is  also  adopted  in 
electrometer. 
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One  of  the  two  paralEul  pUUM  A  is  oonnocted  with  the  inner  eoat* 
:of  a  Lcyden  jar,'  which,  being  kept  dry  within  by  means  of 
I  p  wet4«d  with  sulphuric  acid,  retains  a  sufficient  charge  for 
wmJu.  The  othor  plate  ij  is  in  coinniunicatitm,  hy  means  of 
>  «piiml  wire  r,  with  the  insulated  umbrella  c,  wtiicli  con  be  con* 
with  any  external  conductor;  and,  in  order  to  determine  the 


ris  ««-4a>.lnM  K)B*UMM*t> 


of  any  conductor  which  we  wish  tu  examine,  two  obsterva- 
'«Mi  are  taken,  on<)  of   theni  giving   tlie  difference  of   potential 
^IWi-.-[|  this  condoctor  and  tlte  l<eyden  jar,  and  the  other  the  dif- 
'*T¥tir,T  between  the  earth  and  the  jar.    We  thna  obtain,  by  subtiac- 

|lb  HM  oj  tki  LcfiltB  Jar  \*  to  i;lvc  (ocotMicj  oT  poioitU).     lU  cspadtf  I*  •»  aiMk 

r  Omtt  iiiat  of  Um  due  *ilh  whkh  H  U  eomeet^  tkil  tba  alectficitr  which  <«itcn 

I  Um  htUr  In  cpw^miw  at  Um  iMdncUt*  aeOan  of  tlw  other  <tke  b  ao  iMiAla 

I  «t  tb»  whob  tliu^  «f  lk«  i>r.  knd  jitixhiOM  no  Hiuaila  ehaag*  tn  Ua  (MMnlU. 

'  (tMl  ek|»idly  In  conijurltfin  ailh  Oio  ntcM  <■(  •urfko*  axpoaod  llhawin  tMMb  l» 
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tion.  the  difference  of  potenUal  betwe«o  iho  conductor  in  qnntui 
»nd  the  earth. 

&44.  QuadrADt  Electrometer. — Th«  moai  scnftitire  butnnMnt  ]4 
invent^id  for  the  tneoisurcmciit  of  electrical  ]iot«iitial  is  tlie  qwutraU 
eteetromfter,  whioh  ig  represented  in  front  \-iew  in  Fig.  402,  tow 
of  it^  princijiiU  parts  being  itliown  on  a  larger  seals  in  Fig&  401, 
404. 

In  thiA  instrument,  the  part  whose  movemeDtfl  give  the  iadio" 
tions  is  a  thin  flat  piece  of  aluminium  u,  narrow  in  tho  mlddli;  ui 
broader  towards  the  ends,  but  with  all  oomcis  rouitd*cl  off  Xtit 
piece,  which  is  called  the  needit.  iiu<l  is  represented  by  the  doUiJ 

line  in  Fig.  403,  is  inclosed  aliMi 
completely  in  what  may  be  dMcrM 
as  a  shallow  cylindrical  box  of  In* 
cut  into  four  quBdnu)ti(,c,ti.c',(f.  TInm 
purts  arc  shown  in  phut  in  Fig.  Ml 
and  in  front  view  in  Fig.  402.    TU_ 
needle  u  is  attached  to  a  stiff] 
wire,  whtcli  is  supported  by  a  eilk  I 
banging  vertically.     The  tan* 
carries  a  small  concave  minor  I  (Fif 
402)  for  nifli-cting  the  light  Irca  « 
illuminated  vertical  sltL     An  imp*' 
the  slit  is  thus  formed  at  the  distance  of  about  a  yard,  am)  n  M**' 
upon  a  paper  scale  of  equal  parts,  by  reference  to  which  tlwo'**' 
iiu-nts  of  the  image  can  be  measured.     The  movements  of  iba  iMp 
depend  upon  tlic  movements  of  the  mirror,  which  an  fndt^ ''' 
same  as  thoso  of   tht  needle.     We  liavc  now  to  explain  bovti* 
movements  of  the  needle  arc  produovil. 

One  pair  of  opposite  quadrants  cc'  aro  ooonocted  with  mAili^ 
and  with  a  stiff  wire  I  projecting  above  the  case  of  tJte  ii»»tniH( 
The  othiT  qiuidrants  d  W  are  in  like  manner  connected  witli  lh**l^ 
projecting  wire  m.  The  projecting  part«  Im  are  called  ihi  i»tf 
eUdTodet,  and  ar«  to  be  connecteil  n-spcctivoly  with  iImv  twa  a» 
ductors  whose  diflerencc  of  potAotial  is  required,  one  of  vUi  • 
Qsually  the  earth.  Suppose  th«  needle  to  have  a  positive  dwiP '' 
its  own,  then  if  the  potential  of  c  and  c'  be  higher  (algolnucail;)  1^ 
that  of  d  and  d'.  one  end  of  the  needle  will  oxpariencc  a  fontv;"* 
it  from  c  to  d,  and  tbe  other  end  will  experienco  a  fore*  vxpH  ^ 
from  c*  to  d'.     The»c  two  forces  cou.stitute  a  couple  iaoSa^  Idta* 


rig  «ol— t>ccdl<  ud  QixidnuU 
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t  needle  about  a  vertical  axis.    U  tlie  potonUal  of  c  and  c'  be  lower 
a  tJi&t  of  d  and  d,  the  couple  will  be  in  the  opposite  direction. 
prevent  the  needle  Erom  deviating  too  far  under  the  action  of 
^  eouplo.  and  to  giv«  it  a  detinite  position  wbon  there  is  no  eleo- 
couple  acting  upon  it,  o  sniull  light  luagiiH  is  attached  to  the 
of  tha  mirror,  and  by  me-ans  of  controlling  magnets  outside  the 
the  earth's  ma^'notUm  in  overpowered,  »o  that,  whatever  poHilion 
fur  the  instrument,  the  needle  can  be  made  to  aasutne  the 
xero  poflitioQ.    In  some  infitniinents  recently  constructed,  the 
are  dispeoBed  wilh,  and  a  bifilar  auspenaioa  is  Eulwtituted 
■iagle  siDc  fibre.     The  permanent  electriBcutiuu  of  the  noodle 
icd  by  connecting  it,  by  meaiui  of  a  descending  platinum 
;  with  ft  quantity  of  strong  eulphuric  acid,  which  uccupitvi  the 
er  part  of  the  containing  glass  jar.     The  acid,  being  nn  excellent 
nctor,  serves  aa  the  inner  coating  of  a  I^eyden  jar,  the  outside  of 
gtaea  opposite  to  tt  being  coated  with  tin-foil,  and  connected  witli 
Mith.    The  acid  at  the  same  time  serves  the  purpose  of  keeping 
interior  of  the  apparatus  very  dry.    The  charge  is  given  to  the 
thnn^fa  the  diiirying  tUetrode  />,  which  can  be  thrown  into  or 
ol  oonitcction  at  pleasure.    A&  the  soiuibility  of  tbc  instrument 
with  the  potential  of  the  jar,  a  gauge  and  rtjAenitker  are 
for  keeping  thlt  potential  t-oii.tlant.     1'he  ffaugf  U  dimply 
attracted-disc  electrometer,"  in  which  the  distance  between  the 
el  dt«ca  is  never  altered,  so  that  the  aluminium  square  only 
into  position  when  (he  potential  of  one  of  the  discs,  which  b 
with  the  add  in  the  jar,  ditfers  by  a  certain  definite  amount 
pot«ntial  of  the  other,  which  is  connect«d  with  the  earth. 
at  the  gauge  sliows,  at  any  moment,  whether  the  potential 
jar  has  tlte  normal  strengtli.     If  tt  lias  fallen  bulow  tliis  point, 
repUnijiher  Lt  employed  to  increase  tJie  charge. 
:iU  apjiaratus,  which  is  seporately  represented,  dLtsected,  in  Fig. 
;  and  is  for  simplicity  omitted  in  Fig.  402,  consists  of  a  vertical 
of  ebunite  a.  whidi  can  bu  rapidly  twirled  witli  thu  finger  by 
of  a  milled  head  y,  and  which  carries  two  metal  wings  or 
b,  h,  insulated  from  ooch  other.    In  one  part  of  their  revolu- 
tboaa  oome  in  contact  with  two  light  8(«vl  !>pritig!t  //,  which 
■orra  to  connect  them  for  lite  instant  with  each  other.     In 
part  of   Uieir  revolution,  they  come  in  contact  with  two 
Kprings  e  e,  connected  roipectivety  with  the  acid  of  the  Jar  and 
the  north.     Tlie  first  of  these  contacts  takes  place  just  before 
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tbe  wings  emerge  from  the  sboltar  o(  Uie  larger  metalUe  : 
indudon  a  a,  of  which  OOQ  it  conDe«t«d  with  tbe  acJii.  And 
other  with  the  earth.    Suppose  the  acid  to  hax'6  a  posttitY  ebi 

Then,  at  the  inataot  of  ooUid 
inductive  movomeQt  of  dtdd 
lakoe  place,  producing  ati  Mofl 
tion  of  negativo  clectndtr  V 
carrier  wtikh  is  next  tbe  jxail 
inductor,  and  an  aecunoiatina 
]K>6itive  in  tbe  otber.  Tbt  a 
cootacU  aru  «Aeet«d  wboD 
rier  whicli  lias  tJiiw  oajuind  i 
live  cliargu  is  w«tll  umler 
the  [lonitive  inductor,  to 
cordtngly  it  gives  up  its  deottiM 
for,  bein^  in  great  pnrt  ramnd 
by  this  inductor,  and  bdaf  ■ 
nMi«d  viih  ii  by  tlte  Kjaia^  I 
enrrior  may  be  regurdud  a^  formin'^  a  portion  of  tho  interiorrf 
eoneave  conductor,  and  the  electricity  acoordiogty  panw  tnm  i ' 
the  external  surface,  that  is  to  the  inductor,  and  to  tbe  and  M 
nectod  with  it,  which  forms  tbe  lining  of  thv  jar.  Tbe  ne^Mivtdl 
tricity  on  the  other  carrier  is.  in  like  manner,  given  off 
inductor,  and  so  to  tlie  earth. 

The  jar  tlius  receive:*  an  addition  to  ita  ebarg*  odc*  in  i 
revolution  of  tlie  replenulivr;  and,  as  tbeso  iner«tD«tta  an  wryM^ 
it  is  easy  to  regulate  tbe  charge  bo  that  tlie  gaugv  kbaU  toH 
exactly  the  normal  potential.  If  tbe  charge  is  too  struojE.  it  sal 
<liutiiii«hi'd  by  turning  the  replcnishcr  in  tl)o  reverse 

643.  Ca^-electrometer. — In  anoUier  form  of 
1ia»  some  advantages  of  iUt  own,  though  now  but  little 
servation  for  difference  of  potential  consists  in  applying  i 
gloss  fibre  until  the  nc«dle  (a  straight  piece  of  alumiiuuni  t 
it  carries,  is  toKoii,  against  uU-ctrtcal  repulsion,  to  asauttw  a ' 
position  niarkcd  by  nigbbi.  The  rt-pulsion,  which  acts  upon  tk< 
ends  uf  the  ne(Hllo  ho  as  to  produce  a  couple,  is  exerted  by  tWBl 
bicai  brass  plates,  which  are  ooiinect«d  with  the  needle  \pf 
fme  platinum  wires  dipping  in  sulphuric  acid  at  the 
Lcyden  jar.  The  needle  and  the  plat<-s  which  nrprl  it 
the  potential  of  the  jar.    The  repulsion  between  Uii«o  ia  i 
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nflnenee  of  a  cage  of  brass  wire,  which  surrounds  them,  and 
h  ia  coQitected  with  the  conductor  whose  potential  is  to  be  ex- 
sd.  If  this  conductor  has  the  same  potential  as  the  jar,  there 
repulsion.  If  its  potential  differs  either  way  &om  that  of  the 
tM  couple  of  repulsion  is  proportional  to  the  square  of  this  differ- 
of  potential'  The  difference  of  potential  is  therefore  obtained 
king  the  square  root  of  the  number  of  degrees  of  torsion  of  the 


ft  ginn  podtkiD  at  the  Media,  ths  qiunUtiM  (rf  tdeotrie't;  Qpon  it  uid  upon  the 
«Ud>  npal  it  tn  both  proporUonkl  to  thU  differenoa  of  pot«ntuJ*,  ftnd  the  dutribu- 
tarMlkbla.  HuKW  ^  S70)  tha  force  of  repulaioD  ia  proportioiuJ  to  the  product  of 
a  qoantitlca,  that  U  to  the  aqoue  of  either  of  them. 


646.  Hesemblance  of  Lightning  to  the  Electric  Spuk 
blance  of  the  etlectfi  of  lightning  to  tliuse  of  the  eleetrii 
the  roinds  of  many  of  tlm  eni-ly  vU'ctrici&os.  Ligbl 
miiturcft  and  licatturs  non-conducting  subiitsiiceB.  ini 
vhich  arc  coiiil>ui«tible;  heAto,  rcddena,  melts,  and  vol* 
and  giv«s  .sliocks,  mora  or  less  severe,  and  frequently 
and  animaU;  all  of  tbeae  being  precisely  the  effects  i 
Hpnrk  with  merely  a  diSerenco  of  intensity.  W«  i 
li^'litnin^  U-avL-s  bebiud  it  a  charactemtjc  odour  ptvai 
Uiat  which  is  olwrvfid  near  an  electrical  machine  when 
and  which  we  now  know  to  be  due  to  the  presence  of 
over,  the  form  of  the  npark,  its  brilliancy,  and  the  i^ 
attends  it,  all  remind  ooo  forcibly  of  lightning.        ^ 

To  Franklin,  however,  belongs  the  credit  of  puttinf 
of  the  two  phenomena  beyond  all  quoation,  and  prot'ii 
tolly  that  the  clouds  in  a  thund«r-!*tonn  are  chargvd  m 
This  he  did  by  sending  up  a  kite,  armed  with  ao  in 
which  the  hempen  etring  of  the  kite  was  connected, 
end  of  the  string  a  key  was  fastened,  and  to  tliis  agait 
a  silk  ribbon  intended  to  insulate  the  kite  and  string  I 
of  tlie  piirson  holdinf;^  it.  Having  seat  up  the  kite  on 
of  a  storm,  he  waited  in  vain  for  some  tisM  ami  i 
cloud  had  passed  directly  over  the  kite.  At  length  fell 
■  Jit.rinir  li»crn.n  tn  IiimoIIa   nnil   Kn  vena  »Ma  ta  i 
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efon  this  occiirrctti-«,  Pnliburd,  acting  upon  a  pnbliHlied 
of  I'Vanklin,  hail  er«ct«(l  a  pcuntcd  iron  rod  on  Uiu  U>i>  of 
ar  PmriH.  The  rod  was  iosulated  from  the  eailJi,  and  could 
ted  witli  vftrioua  electrical  apparatus.  A  thunder-fltomi 
eurred,  a  great  number  of  ep&rlu,  some  of  them  of  great 
re  diawQ  from  th«  lower  end  of  tbo  rod. 
cp«riinent«  were  repeated  tn  various  place*,  and  Richmann 
irsborg,  while  conducting  an  in- 
I  with  an  apparatus  somewhat 
{  that  of  I>alibard,  received  a 
sh  kilted  him  on  the  apoU 
tttrio  diimaa. — Franklin  devised 
lua  for  giving  warning  when  tliv 
rod  is  ehargol  wiUi  electricity. 
(Fig.  -W."!)  of  a  metal  bar,  carry- 
belb  with  two  clappers  between 
le  two  extreme  bells  are  hung 
bar  by  mctAlHe  chains.  Ttio 
B  bi  hung  by  a  sillc  thread,  and 
wWi  the  ground.    The  clappers 

tog  by  Ailk  threads.  When  the  liar  Is  eloctriRed,  the  elap- 
nt  attracted  by  the  two  extreme  belli,  and  then  repelli.^^! 
Idle  bell,  through  which  they  discharge  themselves,  to  bo 
act«d  and  repelled,  thus  keeping  up  a  continual  ringing 
the  bar  remains  electrified. 

ratios  of  LightBisg. — It  appears  that  thunder-douds  must 
td  vt  diarge^l  mawM  of  con.<>iiii;rable  conducting  powtT. 
vgea  which  produce  lightning  and  thunder 
Btiinea  Wtween  two  clouds,  and  sometimes 
ekmd  aivd  the  earth.  The  duration  of  the 
on  produced  by  Ughtning  is  certainly  lees 
eo-tKonsandth  of  a  second.  This  has  been 
J  by  obeer%'ing  a  rapidly  rotating  disc 
divided  into  Hecton  alternately  black  au<1 
\  viewed  by  daylight,  the  disc  appears  of  a 
|imy:  and  if  lightning,  occurring  in  the  dark,  renders  the 
leton  visible,  the  duration  of  its  light  must  be  less  than 
f  revolving  through  the  breadth  of  one  sector.  Tlie  experi- 
been  tried  with  a  disc  di^■ided  into  60  aecto™.  and  making 
ttiona  per  second,  so  that  the  time  of  turning  Uirough  the 
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space  occupied  by  one  sector  is  ^  of  tH  o(  s  seomd,  UmI  is,  ■ 
When  tho  disc,  turning  vriUi  this  velocity,  is   mMKlonxl  vmbio 
Ughtning,  tho  ub9orv«r  sees  black  «od  whit«  soctora  vrith  gny  i 
between  them.     For  the  black  and  white  sectors  to  be  i 
d«fino<],  without  intormcdiate  gray,  it  would  be  iiiinfiiiinij  Ubat 
illuutination  sliould  Iw  absolutely  itiAtantAtieoua. 

649.  Thn&der. — Thunder  frequently  oousinbi  at  a  number  of  i 

porto  heard  in  sacoeastoa     Hi*  aa  i 
explained  by  suppo&tng  that  (m  b 
sxperimont  of  the  spangled  tube.  §  i 
discharge  oocura  at  setveral  pUon  it  i 
The  Toporta  of  these  explosions  «ill  i 
heard  in  the  order  of  thi-ir  lUstaaof  I 
tha  ofaaerver.     If,  fur  example,  its 
uf  discharge  fonn  the  zig-zag  U  N  i 

407),  SQ  observer  at  O  will  bear  finll 
explosion  at  a,  tbcn,  a  little  later,  ikj 
J  explosions  at  m,  «,  r,  s,  (;  be  wiB  < 

K»M»-Uiuiiiuii*oiu>ipiMtou   quently  obeenre  an  IncraMS  of 

When  any  eomldershle  portin 
path  of  di«cliarge  is  at  a  uniform  distance  from  th«observar,tbii 
ultaneous  arrival  of  the  disturliances  propagated  from  all  lluif>^| 
tion  will  product.-  a  HpecioUy  loud  burst  of  Mund. 

650.  Shook  by  Infiueaoe. — Fereoiw  near  whom  a  Sash  of  I 
passes,  frequently  experience  a  lievere  sliock  by  indaettoo.    Ttol 
analogous  to  the  phenomenon,  lirst  obsert'cd  by  Qalvaal, 
skinned  frog  in  tlie  neighbourhood  of  an  electricml  machin*.  i 
dead,  exhibits  convulsive  movemenU  every  time  a  wpuk  it* 
from  the  conductor.    In  like  manner,  if  Volta's  pbtol  $  fl7)l 
placed  on  the  wooden  supports  of  an  electrical  niaytiirm.  aaJ  itt  ka^J 
b«  connected  with  the  ground  by  a  chain,  on  drawing  a  ifsik  I 
the  mocliiiic,  anuthur  spark  will  pass  in  the  interior  of  the  pirialM'] 
6re  it  off. 

651.  LightDin^r-conductors. — Experience  having  shown  thai  ( 
city  travels  ld  preference  through  the  best  coaductore,  K  ill 
understand  that,  if  a  building  be  fitted  with  metallic  rods  I 
ating  in  the  earth,  lightning  will  travel  through  Ukm 
striking  the  building.    But  further,  if  thcee  rods  temiiiials  i 
point,  they  may  exercise  a  preventive  influenoi>  by  "^a^rng  Ai^ 
nnd  clouds  to  exchange  their  opposite  electriciliva  in  a 
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I  ilie  oonduetor  of  n  macViine  is  f-rcvent^d  from  giving  powef- 
■rka  by  presenting  to  it  a  sharp  point  connected  with  the  earth. 
nle  the  electncal  machine  is  working  powerfully,  and  the  quad- 
OpO  shows  ft  strong  ch«r^,  lot  a  pointed  mi'tfttlic  rod  be 
.M  in  Fig.  408:  ih«  pitli-hall  will  inim<»liAt<;Iy  fall  liack  to 
pmilion,  and  it  will  be  found  iinposflible  to  draw  a  spark 


ng  M  .ft^WrtiT  Wflun**  Uj  pftWBtIt «  Point. 

Vy  put  of  tlio  oomdiictor.    If  the  experiment  is  perfonncd  in 

irk.  the  point  will  be  neon  (o  be  tipped  with  light;  and  a  Himilar 

nuee  !•  somi^tiinea  observed  on  the  topa  of  lightning-rods  and 

Rl^  tnsstA.     In  the  latter  position  it  ia  known  to  sailors  as  St 

njirt. 

L  OooAtraetioii  of  LightDinp-oonducton. — A  badly  constructed 
^ng-oonductor  may  be  n  Hourcv  of  iLin^r,  iiwtcod  of  a  protection. 
illowin;{  conditions  should  always  be  eomf^ied  with: — 
le  ooRoeetioD  with  tlie  ground  should  be  continuous. 
le  conductor  must  be  everywhere  of  so  Urge  a  section  that  it 
bo  welted  by  lightning  passing  through  it     The  French 
ly  of  Sciences  reonmmend  that  the  Mction  for  iron  rods  should 
here  leas  tbao  2'S5  centimetres,  or  i>^  of  an  inch. 
le  earth  eoataet  must  be  good.    The  conductor  may  be  con- 
st its  base  with  tlto  Iron  pipes  which  supply  the  neighbour* 
ith  water  or  gas;  or  it  may  terminate  in  the  water  of  a  well 
Failing  these,  it  ahoiild  l>e  provided  with  branohea  travcrs- 
aoil  in  different  directions  and  surrounded  by  coke,  which  ia 
i  condiirior. 

Lt  no  part  of  its  cour«e  above  ground  should  it  come  nesr  to 
pipes  which  supply  the  house  with  water  or  gas,  nor  to  any 
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large  massea  of  metal  in  the  house.  All  large  inaasM  oC  nuta! 
outside  o£  the  house,  sucli  aa  lead  roofing,  sboald  be  well  ea 
with  Uie  conductor. 

5.  The  extreme  poiai  should 
former  commission  oE  the  A 
mended  a  platinum  point,  which  should 
oect«tl  with  the  iron  hy  welding.  Bui 
construction  is  both  difficult  aod 
later  directions  have  been  iamicd 
a  gilded  copper  cone,  screwed  on  to 
ehowa  in  Fig.  410,  which  is  half  the 
Thia  form  of  termination  is  better 
point,  because  Ions  liable  to  fuaeo. 

The  general  arrangement  is 
Fig.  4fO&.    The  md  has  a 
inches  at  ita  base,  and  gradually 
to  the  place  where  the  point  la  Bcrewid 
descending  portion  b  ix  connected  wt 
of  thi?  rod  l>y  the  '-road  l«nd  It. 
653.  Ordinary  Klectrieitf  of  the 
—The    presence  of    elec- 
tricity in    the  upper  re- 
gions of  the  air  is  not  con- 
fined   to  thunder  •  clouds, 
but  can  he  detected  at  all 
timas.      In  fine  weather 
thu  electricity   is  ahnost 
invariably  positive,  hut  in 
showery  or  stonny  weather 
negative  electricity  is  as 
frequently   met    with    t^ 
positive;  and  it  is  in  such 
weather  that  tlio  indiea- 
tiomt  of  electricity,  whe- 
ther positive  or  negative, 
are  usually  the  strongesL 
6M.  Hetbods  of  obtain- 
In^  Indications. — One  of  the  early  methods  of  o>«erviii(  ••■'^ 
electricity  consisted  in  shooting  up  an  arrow,  attached  fat  ■  a*l 
ing  thread,  having  at  itd  lower  end  a  ring,  which  was  W  q* 
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electrotteope.     A*  the  anow  asc«nda  higher,  Uie 

verge  more  and  inoru  with  elwtricity  of  the  same  sign  as 

rfa««l;  and  tli«y  remain  divcrguQl  after  Um  ring  has  Lieeii 

by  Uie  moveweot  of  the  arruw. 

mm,  iiutead  of  tho  arrow,  a  poiat  on 

I  tba  aleetroMOpe  is  employed  U>  col  lect 

r  from  tlieair,  as  in  Fig.  411.     Both 

Judsare  very  unecrUin  in  thi>ir  action. 

t«r  method   of   colleeting    electricity 

air  was  long  ago  devia«d  by  Voltft, 

lloycd   for   thin    purpose   a    bumiog 

tiwhtd  to  tliu  Utp  of  n  rod  connoclvd 

gold-leaves  or  »trawM  of  ht»  eluctro- 

I  there  ts   podtive   electricity   ovcT' 

infiiieooQ  causos  negative  electricity 

at  tliu  upper  end  of  the  rod,  whence 

vff  by  convection  in  Uie  products  of 

la  of  the  match,  leaving  the  whole 

Ig  lyttem  positively  electriticd.     In 

liur.  if  the   electricity   overhead   be 

the  ^stem  will   be  left  negatively 

L 

tr  method  which,  in  the  hands  of  Pel- 
wlet,  and  Dvlluuiun,  lui»  yiuldcKl  good  results,  consists  in 
sing,  in  an  elevated  position  eucli  as  the  top  of  a  house,  a 
conducting  ball  supported  on  an  insulating  stand, 
and,  while  exposed,  connecting  it  witli  the  earth ; 
tlien  insulating  it,  and  examining  tlie  chai;ge 
which  it  has  actjuircd.     Tliis  duurge,  being  ac^ 

quired  from  the  earth 
by  the  inductive  aotioa 
of  the  electricity  over- 
head, is  opposite  in  »ign 
to  the  iududug  idec- 
tridty. 

Another      method, 

wbid)  in  prindple  re- 

seitibleo  that  of  Volta, 

ledier  in  its  action,  has  been  introduced  by  Sir  W.  Thomson. 

a  in  allowing  a  fine  stream  of  water  to  flow,  from  an  in* 
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stem,  tlie  b^^^^^t^^^^Ktom  the  moittt  pum 
case  of  gutta  perclift.  The  acid  needs  renewal  sbo 
months. 

In  severe  £rost,  burning  matches  con  be  used  in 
und  Are  found  to  ^vo  identical  indicatioDS.  Wh 
match  be  usud.  tho  principle  of  action'  is  Uiat,  aa  Ion 
enee  of  potential  cxiste  between  tht-  iiisut&UMt  ci>nduct< 
of  tlie  air  where  the  inuing  stn-Atn  (wlietlter  of  w 
ceaaoa  to  be  one  continuous  conductor,  and  b^ins  U 
ductor  or  a  succeaaion  of  detached  drops,  so  long  wi 
portion  that  detaches  itself  carry  otf  either  positive  ori 
city.and  thus  diminish  the  difference  of  potential.  Tb 
to  reduce  the  system  to  the  potential  which  Gxist«  at  I 
specified,  ia  practically  about  half  a  minuto  with  tb< 
from  half  a  minute  to  a  minute  or  more,  acoonltng  to 
the  wind,  witli  a  match. 

The  water-dropper  is  the  most  convenient  ooU«( 
when  the  obaervationa  are  token  always  in  the  ■( 

*  Tha  fultowini;  quotktliin  train  ui  anlol*  hj  BIr  W.  TlnaMaB  p 
<ilMr1<r:— "U.  no*.  w«  oonoolnui  eU rated  oo*u)aetev,  flnt  bala^lMi 
ooma  iii«uUu^l,  ui4  to  b*  nad*  to  Uirnw  td,  and  to  cpbiIbm  tfcfowli 
na  KipotaJ  pMt  ol  iU  laxttec,  tlila  put  el  111  mrfie*  vfU  "[iilrlr^  b*  i 
no  •lectrlGaation,  knd  tho  vbolo  eoadnctpr  iriU  ba  Woo^  to  (Mk  k  p 
it  to  ramain  in  nlvotiioal  *i|ulUbri(uu  in  ths  air,  »)th  IbM  portkn  tf 
ta«th>r  word*,  tho  pountltJ  throuehout  Ih*  (ntal\t*d  eondnetor  kba 
u  that  of  the  nottioular  cauLootantta]  mu&oa  l>  I 
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vice.  Sir  WiD.  TIioihaod  Gmplojs  l>lotttiii;-p«por,  steeped 
on  of  oitntte  of  lead,  drio<l,  and  rollvd  into  iiuiU:}!^.     The 

el«otrom«t«r  carries  a  liglit  brass  rod  or  wire  projecting 
,  to  the  top  of  which  the  inatcliea  can  be  fixed, 
nterpretation  of  Indicationa — We  have  seen  that  the  col- 
ipparatua,  whether  armed  with  water-jet  or  burning  match, 
ran  arran^mcnt  for  reducing  an  lUMulated  conductor  to  the 
I  whidi  vxiHU  at  a  particular  point  in  the  air.  An  olcctro- 
iU  tlieD  (bow  us  the  diflerenoe  between  this  potential  and 
,n^  otlter  given  conductor,  for  example  the  earth.  I'he  eartli 
liule  reustanoe  to  the  pansage  of  electricity,  tltat  any  tem- 
tifferenoe  of  potential  which  may  exist  between  ditferent 
ita  Burfaoe,  must  bo  very  slight  in  comparisua  with  the  dif- 
of  potential  which  exist  between  dillereot  points  in  the  non- 
ng  atmodpheru  above  it  An  thorc  in  no  possible  method  of 
ling  almolute  {Mtcntial,  since  all  electric  phenomena  would 
nobaoged  by  ao  equal  addition  to  the  potentials  of  all  poinUt, 
rcfiienk  to  aaaume,  as  the  zero  of  potential,  tliat  of  the  most 

body  to  which  we  have  access,  namely  the  earth;  and  under 
e  earth  we  include  trees,  buildings,  ammals,  and  all  other 
m  in  electrical  communication  with  the  HoiL 
wn  find  tliat,  as  wc  proceed  furtlier  from  the  earth's  surface, 
upwards  from  a  level  part  of  it,  or  horizontally  from  a  verti- 
of  U,  such  as  »o  outer  wall  cf  a  house,  tlie  pi^tt;iitial  of  points 
r  becomes  moro  and  more  different  from  that  of  tlie  eartli, 
reaoe  being,  in  a  broad  sense,  simply  proportional  to  the  din- 
SeDoe  we  can  infer'  that  there  is  electricity  residing  on  the 
if  the  earth,  the  density  of  this  electricity,  at  any  moment, 
Dcality  of  observation,  being  measured  by  the  diflerenoe 
tial  which  we  find  to  exist  between  the  earth  and  a  given 
tha  air  near  it  OhaervatJoai  of  so-called  atmospheric  eloe* 
oade  in  the  maimer  we  have  described,  are  in  fact  simply 

V,  U  ^  denoto  Uu  qiuwtit/  ot  •Intrloltj  par  unit  mw>  od  ko  qtvii  part  of  Uia 
ho^  Um  fstva  In  tiw  nrigfalMraHng  4lr  I*  4  rfi.  T\i*  nnut  ba  (qiul  to  tb« 
fnMellsl  b  t«faic  wit  dMaBM  (f  «09>.    U  pouoUal  inoraMM  pa«Ul*>ly,  ^  b 

d  clMlfiMl  ob*w**tlaM  ha**  j«t  batn  —jb  la  IhJIomi^  ud  nrj  UKle  U 
■dl^  tlM  dbtribMloD  ot  alMbrtad^  at  dUTtnnt  Mg^U  la  On  ab.  A  nMthoil 
tU«  dbtfflmliMi  b7  balIsM  tlMTntiaDa  b  tugBMtod  bj  Uia  pifadpl*  at  I  «0T. 
I  thai,  whM  ih*  linM  «(  hn»  an  nctteal,  and  llw  ubM  «t  b«m  MSMfMaUy 

A*  4l>H«aM  «f  «lMble«l  focM  at  dia«t«at  ha\ghtt  b  prapocttsM)  to  Om 

ihilihilj  wUdi  U«  betnan  Ibca. 
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detertninations  of  tlie  quantity  of  electricity  nMldiDg  oo  tbe  euth't 
surface  at  the  placu  uf  ubservfttiotL    Tli«  n.>iitill«  of  obwraticMM 
made  ara  howewr  amply  sufficient  to  show  that  electridtj  nudil^ 
ia  tbe  atmosphere  i-i  roally  tlie  laain  cau^  of  the  vaiiationa  DtiMq||^H 
A  charged  cloud  or  body  of  air  induces  electricity  of  the  oftpd^H 
kind  to  its  own  on  tbe  porta  of  the  earth's  snrfaoa  over  whidt  it 
puses;  and  the  variations  which  w«  tind  to  occur  in  the  cUctriol 
deniiity  at  t]io  parts  of  tliu  surface  where  we  obMrve,  are  ao  rapid  ud 
considerable,  tliat  no  other  cause  but  tliia  aeeins  at  all  adet^nattls 
account  for  them.     We  may  tJierefore  safely  assume  tliAt  tbe  dilb- 
cnco  of  potential  which  we  ^d,  in  increasing  our  distaaoe  finua  th 
eartti,  is  mainly  due  to  cWtricity  induced  on  the  surface  uf  tbe  euA 
by  oi)poi<itv  elt-ctricity  iu  the  air  overhead. 

As  electrii-al  density  i»  greater  on  projecting  parts  of  a  buHh*  iIm 
CD  those  whidi  ar«  plane  or  concave,  we  sliall  obtain  URiager  tufi^ 
tions  on  bills  than  in  valleys,  if  our  collecting  apiiarattu  l«  U  tb 
same  distance  from  tbe  ground  in  both  casta.  Under  a  tne, «  a 
any  position  excluded  from  view  of  tlio  aky,  we  shall  obtain  lttlli« 
no  effect. 

6fi6.  Results  of  Observation. — Hie  only  regular  series  of  obasts- 
tions  taken  with  Sir  Win.  Thomson's  instxument*  which  ban  y* 
been  published,' constst  of  two  years'  continuooaoltservaUoaawtlhalt 
recunliug  apparatus  at  Kew  0b8er\'ator>',  and  two  years'  obeefralioia 
at  tliTVi.- stated  timesdaily.andat  other  irregular  times,  at  Wiinlurii 
Nova  Scotia  (lat.  45*  N.).  The  electrometer  oaod  at  Kew  waa  an  mAi 
form  of  tike  quadrant  electrometer  already  deacribed;  and  tbtsBta- 
graphic  registration  was  effected  by  throwing  the  imaf^  of  a  laJlH 
point  (a  small  bole  with  a  lamp  beltind  it)  upon  a  alieet  of  fkl^ 
graphic  paper  drawn  upwards  by  clock-work,  whereas  the  tnonoN* 
of  tbe  inmgc,  formed  by  mcions  of  the  mirror  attached  to  tbt 
were  horizontal.  The  curves  thus  obtained  give  Tery  aocuiala  i 
mation  respecting  Uie  potential  of  tbe  air  at  the  point  of  ota^TaliK 
when  of  moderate  strength ;  but  fail  to  record  it  when  of  m— 
strength,  as  the  image  on  these  occaaioaa  passed  out  of  na(a  Tb 
Wiadnor  obacrvations  were  taken  with  tbe  oag«-«lHtNMtK  ^ 
wbicli  two  forma  were  cmplovi^d.  one  ticing  much  more sMallbvltM 

'IfaaobMmtitnukt  Wlndwr.  N.a.  and  a  Kvw.  »n  dmmOtod  la  Un«*|>f«lr*> 
MlHerclUii*  work,  Pnt.  K.S.,4va*  IMi.  itaaaij  IM&.  mmI  TV«h.  A 1. IK*^* 
IHT.  DelliaiiDn'*  oUcrntloiu  U  Knotnadi,  wUcfc  ««n  tak«a  wlik  VV^M  ''*^ 
bjhfniiaU.  wvdcuiibcd  in /'AU.  Jf^.  JuoelUL  n""«'iH'i  ■!— iMfcM  Sitr-* 
Pcll)er*4  *|ipiuatu>)  an  dootibcit  lahU  voliuna  SurltOllMi^dlttJUgifmii 
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Wbm  otlMT,  Th«  iDore  sensitive  form  wa«  usually  employed  When 
^B  potcDtuU  Iwciuuc  incon^'uuiciitly  strong,  the  first  stvp  wss  to 
sborteo  Uie  disebarging  pipe  by  screwing  off  eoine  of  iu  Joints.  This 
nduoetl  the  strength  of  {>ot«iitiaI  in  about  the  nUio  of  3 : 1 ;  but  even 
this  reduction  was  oft«n  not  enough  for  the  more  sensitive  instru- 

Et,  and  oo  sod)  occasions  the  other  (which  was  intended  as  a  port- 
•lectronieUir)  was  cntployvd  instead.  ^Vs  the  ratio  of  the  indica- 
I  of  the  two  instniincntd  was  knon'n,  a  complubv  comparison  of 
potentials  in  all  weathers  was  thun  obtained.  The  rcuults  ar«  as 
^Howb: 

^temploying  a  unit  in  terms  of  which  tlie  average  flne-wealher 
Bximlisl  for  the  3-car  was  +i,  tlie  potential  was  seldom  so  weak  as 
%  though  OQ  rare  occasions  it  was  for  a  few  minutes  as  low  as  O-I. 
jbi  wai  treftther,  especially  with  sudden  heavy  showers,  the  pot«nttal 
^^  often  as  strong  as  +fiO  to  jtSO,  and  it  was  fully  as  strong 
auring  hail     With  snow,  the  average  strength  was  about  the  same 

Krith  hea\'y  rain,  but  it  was  less  variable,  and  the  sign  was  almost 
ays  positive.    Occasionally,  with  high  wind  accompanying  snow, 
inp  very  severe  fr«st,  it  was  from  +80  to  +  100,  or  even  lii<,'hor. 
fog,  it  WA»  nlwayti  positive,  averaging  about  + 10.    In  lliunder* 
it  frequently  exceeded  jit^^-  ^''^  *>"  '^  ^^^  occasions  ex- 
—200.    There  was  usually  a  great  predominance  of  negative 
itial  in  thunder-etorma.    Change  of  sign  was  a  frequent  acoom- 
iment  of  a  flash  of  lightning  or  a  sudden  downpour  of  rain.    At 
iiDM,  thvrc  was  a  remukaUa  ahseoce  <d  steadiness  as  oomperol 
I  nost  meteorological  phenomena,  wtod-prcwure  being  the  only 
.  whose  fluctuations  are  at  all  comparable,  in  magnitude  aiul 
B,  with  those  of  electrical  potential    Even  in  6ne  weather, 
\  varialions  during  two  or  three  minutes  usually  amount  to  as  much 
per  cent.     In  changeable  and  stormy  weather  they  arc  much 
rr;  and  on  Bome  tare  occasions  it  changes  so  much  from  scoood 
that,  notwithstanding  the  mitigating  effect  of  the  collecting 
rluch  eases  oifall  sudden  changes,  the  needle  of  the  electro* 
is  kept  in  a  continual  state  of  agitation. 
Ananal  and  Diutaal  Variations.— Observations  everywhere' 
'  in  showing  that  tlie  average  strength  of  potential  is  greater  in 
itar  tliaa  in  summer;  but  ths  mooths  of  maxima  and  minima 
pear  to  differ  considerably  at  different  places.   Tlie  chief  maximum 

■  n«  r»»»riii  \m  iLk  Mction  etpna*  tba  rcmlti  of  otwrTatloa  nt  pUcv*  tii  of  wliicb 
■M  iB  tb«  Kvtii  iMSplrMi  Mao. 
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occuni  in  one  of  the  winter  niunUis,  varying  at  difl«rciit  pluM  fna 
tliR  beginning  to  the  end  of  winter;  and  thv  cliicf  utinimtud  oeon 
everywhere  in  May  or  June.  Both  Kew  and  Windsor  sfaow  ^ 
tinctly  two  maxima  in  Uic  year,  but  Bmnaels,  and  a{ipanell]F 
Ivrcusnach,  show  only  ono.  Tlie  ratio  of  tlie  highest  montlUy  anc 
c^  to  the  iowoAt  is  at  Kew  about  2'5,  at  Windsor  1*0,  and  il 
Kreoznach  2*0. 

The  Eew  observations,  being  continuous,  nru  Bpedally  adapted  It 
thruw  light  on  the  subject  of  diurnal  variation.  They  diatincUj  is- 
dicate  for  each  month  two  maxima,  which  in  July  occur  at  atual 
8  A.M.  and  10  pm.,  in  January  about  10  am.  and  7  PJL,  and  la 
spring  and  autumn  about  9  and  9.  The  result  of  the  BruBselsoti^ 
valions  is  about  the  same. 

608.  Causes  of  Atmoepheric  Eleolrtcity. — Varioos  ooi^ectuns  ban 
been  ha^arJud  regarding  the  sources  of  atDioeplioric  eUictndtv;  bat 
little  or  no  certain  kiiow-lcdgc  lias  yet  been  obtained  on  this  «^ 
joct.     Evaporation  has  been  put  forward  aa  a  cause,  buty  aa  tsr  « 
Lutxmttory  experiments  show,  whenever  electricity  haa  been  gfatr 
aLcd  in  connection  with  evaporation,  the  real  source  baa  bMB  bS^ 
tion.   as    in    Arnivtrong's    liy<lro-i;lectnc   machine.      The   Atmial 
proce»9e!)  involved  in  vegetation  have  also  been  adduced  aa  eanaa 
but  without  any  aufEcient  evidence.     It  is  perhaps  not  loo  andb 
to  say  that  tlie  only  natural  agent  which  we  know  to  be  tifiUi 
of  electrifying  the  air  is  the  friction  of  solid  and  liquid  |>«tid« 
against  (he  Mtrth  and  against  each  other  by  wind.     The 
uvely  strong  indications  of  electricity  observed  during  snow 
panied  by  high  wind,  favour  the  idea  tlint  tbis  may  bo  so  in- 
portant  source. 

Without  knowing  the  origin  of  atjn«s[^erie  electricity,  va  *V-^ 
however,  give  some  explanation  of  the  electrical  pbeatMBOia  vU^JI 
occur  both  in  showpre  and  in  thunder-storms.     Ver}-  dry  air  ii  ■■■^ 
•xcctlcut  non-conductor;  very  moist  air  has,  on  the  other  haad, 
sidcrablu  conducting   power.     When  condensation  takes  pise*  ^k 
several  centres,  a  number  of  nuusci  of  non-conducting  matttf 
transformed   into  conductors,  and  the  electricity  which  <nw 
fused    through    their  substance   passes   to   tJteir  surfaces. 
Mparatc  conductors  Influence  one  another.    If  one  of  tlm  ■  IM 
maidef  while  under  influence,  ita  two  portiona  may  ba  off^l^ 
dMUged;  and  if  rain  falls  from  the  under  surface  of  a  eknd  «Udi 
ia  under  the   influence  of    electricity  above    it,  tb«  lain  lAii 
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fftUs  ta&y  Ii&ve  on  o[^>osit«  ehkrge  to  th«  portion  which  is  l«fi  bu»- 
paod«d. 

Lord  R&yleigh  hs&  found  that  dropa  of  w«tvr  wliich  n.re  slightly 
hAve  a  tendency  to  coalesce,  whereas  unvloctri6e<l  drt^ 
iy  nhoutuJ  aftor  cultliuou.'     It  is  probable  that  electricity  uwy 
thia  way  give  liso  to  abowcni. 

coalceemoe  of  stnall  drops  to  fonn  large  ones,  though  it  in- 
Utt  deefctica]  density  on  tlie  surfMut  of  tliu  drupe,  doos  not 
increase  tho  total  quantity  of  electricity,  and  therefore  (tj  61 1)  cannot 
Jy  iaflaenoe  the  observed  potential. 
Tbonder-stomw  and  other  powerful  utanifeatations  of  atmospheric 
lectricity  aecin  to  be  aocompaniinvnto  of  very  sudden  and  complete 
ttion  which  givi.-n  umuu- 
frw  scope   to  the  causes  of 
distribution  just    indi- 
itod. 

Hail.  —  Hail  baa  somi- 
I  been  ascribed  to  an  vlectriutl 
.  and  a  aingular  theory  wxt 
liy  Volta  to  account  for 
■u|>[Myt«d  fact  that  bailstone?i 
■n  tuiAtained  in  the  air.  !]•-' 
tntmiaed  that  two  laycn  of  clou<!. 
OM  above  th«  oth<ir,  charged  witli 
|Clfp(Mit«eloctriGitic«,kttpt  the  luiit- 
continually  moving  up  and 
by  alternate  attraction  and 
sion.  An  experiment  callol 
iriti  hail  is  sometimes  vutployt-d 
'  iUtiBtrate  this  idea.  Two  inctnl- 
pUtea  are  «Diploycd  (Fig.  41.')}. 
f  VM  lower  one  connected  w  i  th 
VM  t«rtfa,  and  the  upper  one  with  the  conductor  of  tltc  electrical 
WcUne;  and  pith-bolls  are  placed  between  them.  As  the  machinu 
^  tuned,  the  balls  6y  rapidly  backwards  and  forwards  from  one 
^  to  the  other. 


I  Mem* 


r^  4U— Blactric  Hmtl 


t  *M  bwid  Uut  mafuaeUng  thrn  dliehMsInK  •t—tl  wtth  mm  |Kile  vt  ■  atnajc  Orots'a  oU 

Cat  fata  htbtg  %o  tarth)  vm  wAciant  (o  produo*  cattloKvnaa  at  Uw  drep^     ftnc. 
NMy,  Ftfa.  37,  lt7«t 
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6J0.  Wflter*p(HiU.—Waten pouts,    being   often   MOonpuM  lij 
strong  iiiaiiifi^tatiuus  of  cl«ctricity,  Iiave  been  nscribwi  ^Nbt 


I 


and  others  to  tut  elvtctricAl  origin;  bot  the  account  of  then  pint 
tlie  subjoined  not«  a[>|>i.-&rs  more  probable.' 

'  "Ou  woonnC  a(  tbe  DCDtrifngil  foroa  ariiiiig  from  tb«  n|dd  QmUia*  Mar  to  i 
at » tonutdo,  il  nuft  fnqu*ntlf  b*  nawl;  »  t«cuum.  Hansa  wban  a  |gcM*da  ]■*■  c" 
a  bolldiuB,  tba  eiUnial  pnamre,  fai  k  g^«at  noNmri^  It  Mddaadj  Mn»«4  "^  ** 
BiiTiioplKirc  within,  not  bring  ilila  to  wKmf»  at  eaait  aMcU  k  pnMUra  ^m  liaHMa 
•A  imliaf  Marly  tituan  pouada  to  tha  Tjuaf  Inch,  »hl«h  ea»M  tha  f»n»  la  ta  toiW  > 
cTciy  dltccUoB  (o  a  gr«&t  lUtlwica.  ¥ar  tin  HH«  !«•■■,  alao,  tbt  Mcki  tf  hw  Wft 
Urttlo^  and  ennililng  vllh  air  wnfinol  iritUn  asplodoi.  Vb«  •  nwii  bff«' 
■sih  i(|«Mrally  pnxluoci  a  KatenpMit.  Tbit  I*  gmvaU/ BM  fonsad  aka*^  httelM 
u(  •  aloud  ahapod  Ilka  a  funnaloTinvarUdeuna.  Ai  lliara  la  laa  nalMaaaa  ta  B>  ^** 
In  tbc  ajiprr  atiata  than  oeai'  the  «arth'*  nirfafa,  tin  nfdd  Kf»>«*7  iimlliM  a«aa^ 
Uiara  lint.  .  .  .  Thi(<lri.irBdo«n  tlie  •ttaMotooU  air  abar^sUtKwolvk**** 
wllb  tho  wnrni  and  nu-Ut  atmuijihan  aiuandiBf  l>  tha  tntddla  rf  Iba  taauAik *•!■■■'*' 
vapour  and  lomu  tho  fannel'abapod  doud.  Aa  tha  g7tatoi7  motkn  hwirwiai  mat  lU* 
il  ifraduallf  OT«rc»nw«  tli«  naialaoca*  naarw  tha  aorfaas  of  tha  aea,  tttd  Iha  naM  <lti 
funnel -ahaped  doad  HraJualtj  daaMtiili  lowar,  and  tha  ii^KVbal  *aaaNa  rf  IhnMM' 
thv  tornMlti  r«aoh«i  the  sea.  up  whldl  Uke  water  ku  a  tenidcn<7  l«  aaoaid  to  asMAM^ 
and  tbenot  the  rapidly  aactndin^  «piral  moliund  thaatiiHia|ihBr«ciarTl«Btliai|nfl^^ 
until  it  joliii  tha  doud  alioiu,  whun  tha  wManpOUt  t*  OOB|dsta.  Tba  iffM  f^^* 
watcrajKiut  U  (rr<iuent}y  formed  in  iMTuJocB  oa  land.  Whoa  tiicnaJnai  h^pwa^ 
plala^  tnitead  of  irat«n>p-iut*  liirf  prodixn  tha  morinic  pillari  ol  aand  *U<k  ■*  <A*^ 
I'D  eandjr  4«M^"— W,  Farrel,  In  J/ali(iaa(tinl  JVaalAff; 
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liU,  K»tanl  and  ArtiflcUl. — Xatiiral  magnvbi.  or  lodc- 
are  exeeedingly  rare,  although  a  cIcxKly  alliud  oru  of  iron, 
t  of  being  stroogly  acted  oo  by  roaf^nctir!  forees,  and  lience 

rulic  itvn-orf,  m  found  iii  large  quantity  in  Sweden  and 
Artiticial  magnets  are  usually  pieces  of  bImI,  which  have 
ennanently  endowed  with  magnetism  by  methods  which  we 
lereafter  desoribe,  SJagTieta  are  chieSy  characterized  by  the 
ty  of  attracting  iron,  and  by  the  tendency  to  assume  a  j>Brti- 
rieotation  when  freely  suspended. 

ffoiw  SrwtMt  at  Uio  Ends. — Tlic  property  oF  attracting  iron 
'  mwqually  manifcstod  at  dilTc-rciit  points  of  tlie  surfaoc  of  a 
L     If,  for  example,  an  ordinarj'  bBr>magnet  be  plungtsl  in 

iron  -  tilings,  theA«  cling  in  large 
quantity  to  the  terminal  portiomt. 
and  l<«%'e  the  middle  bare,  as  in 
tlte  lower  dia;;nun  of  Fig.  415.  If 
the  magnet  in  very  thick  in  pro- 
portion to  its  length,  we  may  have 
filings  adhering  to  all  parts  of  it. 
but  the  quantity  diminishes  rapidly 

R  towards  tlio  middlu.  Tliename^xt^ 

a  SOfDewlkat  loose  senxo,  to  dvDoto  the  two  tiirminal  par- 
Fa  nigniit,  or  to  denote  twopointa.  not  ver}'accurAt<-ly  defined, 
d  in  iLcAc  portiona.  The  middle  portjon.  to  which  tiie  tiling:* 
toadhrrv.  i-i  called  neutnxK 

Uttaa  Formed  by  Filinga. — If  a  sheet  of  card  is  laid  horizon* 
poB  a  magnet, and  wrought-iron  fllings  are  siftvd  over  it,  th^e 
Itb  the  aaaietance  of  a  few  taps  gi^un  to  tiia  card,  airaugo 
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themselves  in  a  system  of  cun*p(J  lines,  as  shown  in  Fig.  418. 
lines  give  very  important  indications  both  o(  the  direcUoo  uid  ini 
sity  of  the  force  produced  by  tlie  magnet  at  ilifiereot  pobb  tl  i 


I  eitfctf'M 


Ktfi.  tM~>l((iHtl(CunH. 

HI«ee  around  it.'  Tlicy  elmter  very  dowty  about  th«  two  ] 
and  thus  indicate  ttie  placea  where  the  force  U  mo«t  intmia 

664.  Curve  of  Intensitiea. — Some  idea  may  be  obtained  of  (kl 
tivc  intensities  of  tnfl;;netic  f<>rct>  at  dilFcrent  points  in 
n  magnet,  by  meosuriii;^  tlic  wei^fhtB  of  iron  wliich  out 
at  tliem.  Much  better  dct«miinat40iu  con  be  obUined  eitlNr%' 
UM  of  the  toraion-balance,  or  liy  nmnting  Hit  nombor  of  tilMri|| 
mode  by  a  fimall  magnetised  needle  when  sospeiuled  0|)podl>dH 
parts  of  the  bar.  the  har  being  in  a  vertical  position,  and  Ou  ot 
lions  of  Uke  needle  being  horizontal.  The  intensity  of  tU  liiB>i 
nearly  as  the  square  of  tbe  cuiaber  of  vibrations;  on  lb«  naip' 
ciplo  that  the  forco  of  gravity  at  difTerent  places  is  proporliosil  M' 
'4<]unrcoFthenumber  of  vibrations  of  a  pendulum  (§  ISO).  IMi^ 
KietiiodH  of  duUnnination  were  employed  by  Coulomb^  wl"*  *•" 
first  to  make  magnetism  an  accurate  Hcicnce;  and  tlw  rsMll***' 
he  obtained  are  represented  by  the  curve  of  intensitin , 
417).    M  is  the  middle  of  tlie  bar,  O  one  end  of  it,  and 


■  T1k«  Bnei  fonnid  hjihr  filing  Bt;  V  ulM  tfco  li«a  ol  ^flrthi  >W«  ^ 
imlyfmla  mott  inlA*  jUuii  of  tAt  card.     Tha  linM  of  lfltal(sM*MI  lbM<« 
kni>la^uidu*  »t  Kiiaa  plane*  pecpandionkr  lo  1^  M  ibown  bjrlha 
For  111*  dtflnltioii  of  tin«a  of  BMgMUo  faro*,  mc  |  673: 


M 


UAQNBTIZBD  SEBDLS. 


66ft 


■^ 


r%  UT.-Cort*  ol  tnUiMMi^ 


^  cnrve  (that  is,  the  distsnees  of  ito  points  from  tlie  line  0  X) 
pnat  the  intensities  o{  force  at  the  different  points  in  its  length. 

curve  wu  construct4.><l  from  otworvntions  of  tJie  force  at  several 
ita  in  the  length;  but  in 
U)g  with  the  obwmt- 

■niule  opposite  tJie  very 

the  force  actually  ob- 
ed  waa  roultiplimi  by  2. 
octsymmetiy  was  found  — 
r  vea  the  intonaities  over 
iyto  halves  of  the  lengUi. 
ibe  figure  we  have  in- 
bd  the  curve  for  one- 

,  in  order  to  indicate  an  of^Misition  of  properties,  which  we  shall 
tly  have  to  doiierilM!.    Thu  citr%-cn  of  intensities  for  two  magnet* 
i^reni  aixcs  but  of  the  ttame  form  are  tLiiuitly  i<iiiiilHr. 
10,  Mlfnetlo  Needle. — Any  magnet  f»«ly  suspended  oe&r  its 
ire  is  usually  called  a  mnfjnetus 
tUfOr  more  properly  a  m(^ti/~ 
iiteedU,  One  of  its  iiKkit  usual 
lu  is  tliat  of  a  very  cIongat«<l 
uboa  of  tliio  steel,  having,  ver^' 
r  it«  centre,  a  concavity  or  ntj> 
Bieans  of  which  it  can  be  bal- 
td  on  a  point     \Mien  it  is  thus 
Btoed  borieontally.  it  does  not, 

a  piece  of  ordinary  matter,  ro- 
ll in  e(^uilibrium  in  all  axi- 
ihs,*  but  amumcA  one  particular 
etioQ.  to  which  it  always  comes 
k  aft^r  displacement.  In  this 
Ition  of  stable  C4|Uilibrium,  one 
U  ends  points  to  magnetic  north, 
I  the  othvr  to  magnetic  south, 
kb  differ  in  gencnl  by  several  degrees  from  geographical  (or 
p)  north  and  south.     This  is  the  principle  on  which  compasses  are 


rift  4ia-v 
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'■U  Wnm  tn  Uw  mm*  notlcftl  pkiw  mq  mM  to  hsvc  the  Mine  a^immik.  Atbimtbil 
h  tn  MiglcB  brtarMB  lOTtkal  jdMiai,  or  betwMn  horiiimuti  linM.  th*  whnwlh  «t  a 
l«lMi«IM«dniuu«fteallj,  klhcknukwhicfa  Ih*  Tr.rtlo^  (iuM  oraiUbilac  It  i^EM  with 
Mini  plana  *l  ntctvftea,  tai  thii  latter  if  unull;  tb«  fbnt  W  llM  mcrldUn,    Soma 
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riit-  no— DactluUoD. 


666.  D«olination. — The  difTerence  between  magnetic  and  tree 
or  the  angle  between  the  magnetic  tneridian  and  the  geo^: 

meridian,  is  called  magnetie  deeUnatiem,*  it 
is  very  difTtircAt  at  ditlicrent  plaoaa,  aad  at 
a  ^ven  place  under^oos  a  gradual  dioip 
from  year  to  year,  beddea  Bmatlar  eliaqgn, 
backwards  and  fonvards,  which  are  oobtjaa- 
ally  taking  place.  At  Greenwich,  at  tlic  pf»- 
sent  time,  its  value  is  about  19'  W.,  thai  k 
iiingnctic  north  la  west  ot  tnie  ootth  by  Uw 
amount 

667.  Inclination  or  Dip.— If,  Mora  aig- 

netiziiig  a  neMle,  we  mount  It  OD  an  •» 

fiuuing  through  it«  centre  of  gravity,  and  support  tho  audi  of  tU 

axis,  as  in  Fig.  420,  by  a  thread  without  ionioa,  Iba  Doedb  wB 

remain  in  equilibrium  in  w 
position  in  whidi  it  miy  b 
placed.  If  it  be  then  nagnrttai 
it  will  no  lon^T  be  indiiinBL 
but  will  place  itttelf  in  a  partMff 
vertical  plane  called  tli«  aaf 
ncttc  meridian,  aiwl  will  tak*  i 
particular  direction  in  this  pb» 
This  direction  is  not  bonsulil 
but  inclined,  generally  ■!•((»- 
Hiderable  angle,  to  th<^  \vxtta. 
and  this  angle  Li  called  difi  iir  ••■ 
ciination.  Jta  \-alue  at  Onl^fl 
wtch  is  about  67}'.  the  eaJ  «U^| 
pninta  to  th«  north  pO(BtB(  * 
the  same  tin*  dowowarda  Id  tW 
iiortliem  hvmixphere  [jnMraUTril 
is  the  north  end  of  tht  an^ 
whicl)  dips,  and  in  the  southern  hemisphere  it  is  the  end  «M 
points  south. 


)W   -llij' 


NMiIen  maj  b«  sUd  to  ba  rvmlndcd  tb>t  bj  tha  plao*  i4  Ih*  mtrUimm  b  ■■■■1  ■ ' 
plan*  p*Mfn(t  ttiKMigfa  tba  plae*  of  obiMTgtlnn.  aed  lfai«ui:h  or  |MraIU  to  It*  a^^ 
•ila.  A  hDritontat  IIdb  In  thti  pluM  k  ft  BMridlui  Ubc  Tlio  mittmti'  ■■lihi  fe  * 
mtldkl  pluia  in  whioh  km^netiiad  n**^  wbm  tntij  naprndad,  wtdtla )!■>•>' 

'  Tbv  nkuticftl  n>m«  for  aucn*tie  il«elinM(c«i  it  imriallim;  bM  ll  i>  an 
Mill  (suhuinf  to  doooto  tha  slemMit  itaeU  by  Um  MID*  aam  M  Uu  TwbUoMirf  tt*< 
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follows  that,  if  u  magnvtuvtl  awdlo  is  to  be  balanced  in  a  hori- 
Mtttal  poalUon,  the  point  or  axis  of  support  must  not  be  in  the  aome 
Iptioal  with  the  ccatro  of  gravity,  but  must  be  bctwo«n  the  cvnlre 
if  gravity  and  the  end  which  tends  to  dip.  Needles  tliun  balanced. 
I^n  thn  ordinary  mariner's  compass,  are  called  dedinatum  ■nfeiUet. 
^68.  Motoal  Action  of  Polea — On  [H«6enting  one  end  uf  a  ma^et 
fcaa  cod  of  a  needlo  thua  balanoed,  w«  obtain  either  repulsion  or 
BBwrtioD.  aocording  »n  tli«  polo  whieh  is  presented  ia  simUar  or  dis- 
rimilar  to  that  to  which  it  is  presented,  PtAt*  ofeontrary  nam* 
i  each  other;  pdes  o/  tke  aame  name  repel  each  otAw. 
:  property  furnishes  the  means  of  distinguishing  a  body  which 
y  maj^ictic  (tJtat  is.  capable  uf  tc-mpornry  magnetization)  from 
it  magtwt.  The  former,  a  piece  of  soft  iron  for  example, 
Iwiyi  attracted  by  otilier  pole  of  a  mAgncb;  while  a  body  which 
vcd  permanent  magnetization  h&s,  in  ordinary  coses,  two 
.  uf  which  one  is  attra4^ed  where  the  other  is  repelled.  Mag- 
attractions  and  r«pals)ons  are  exerted  without  modification 
any  body  which  may  be  interposed,  provided  it  be  not 


KsmcR  of  Poles. — The  phenomena  of  dedination  and  incliun- 

aUive  ilMcribcd,  evidently  require  us  to  regard  the  eartli,  in  a 

tvivw,  aa  a  magnet,  having  one  pole  in  tlie  itortlieni  and  the 

in  the  southern  hemisphere.     Now  since  poles  which  attract 

I  laullier  are  dissimilar,  it  follows  that  the  magnetic  pule  of  the 

I  which  is  situated  in  the  northern  hemisphere  is  ditinmilar  to 

i-ml  i)f  a  magnetized  needle  which  points  to  thu  nortli.     Hiiico 

conf  union  of  nomenclature  has  ariw-n,  the  usage  of  •0IU4.^  of  the 

.  writen  being  opposite  to  tliat  which  generally  prevails.     We 

I  call  that  end  or  |>ole  of  a  needle  which  seeks  the  north,  the 

l-iiig  end  or  pole,  and  the  other  tlie  aouth-xeHjiif  end  ur  pole. 

)  Wu.  lliomsoa  calls  the  north-seeking  polo  the  soit^  pole,  anrl 

I  other  the  north  polo,  Ucnuso  tlie  former  u  similar  to  the  south, 

tbft  latter  to  the  north  pole  of  ttic  uartlt.    In  liko  manDei'inost 

irriters  call  the  nortlt-eeeking  polo  of  a  needle  the  mmtrat. 

the  other  the  6oreaI  pole.    Popular  uaage  in  tliiit  countr}'  mils 

sorth-Beeking  end  the  north,  and  the  other  the  south  pole,  a 

iture  which  introduces  great  confusion  whenever  we  have 

ason  roipeeting  the  eartli  rt-g&rded  as  a  msgncL     Faraday,  to 

1  the  ambiguity  which  has  attached  itself  to  tlio  names  north 

•outh  pole,  calls  the  north-seeking  end  the  marked,  and  the  other 


n*.  «».— tlu)<1l.'«l  M^SBllaL 
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a  magnet,  or  even  vlien  *  magnet  m  eimply  brougbt  i 
it&«lf,  for  the  time,  a  magnet,  with  two  pi^ee  and  a  nc 
between  tbem.  If  we  scatter  fiUogu  over  the  iron,  tlie 
to  its  cndfl.  u  ehovrn  in  Fi^.  421.  If  we  take  away  tl 
iiiogiict,  tho  filings  will  full  ofl',  and  the  iron  will  roti 
traces  at  oil  or  only  very  faint  ooei  of  its  magnetizatioa 
similar  treatment  to  a  piece  of  steel,  we  obtain  a  resi 
some  respects,  but  with  very  important  differences  in 
Htucl,  while  under  the  influenoo  of  the  magnet^  axhibita 
etfecbt  than  the  iron;  it  b  much  more  difficult  to  magaw 
and  doea  not  admit  of  btuog  so  powerfully 
other  hand,  it  retains  its  magnetizatioo  of  t«r  the 
has  hcva  withi^lrawn.  This  property  of  r<'taimng 
oncv  iiDpark-d  hiu  been  (sumvwhat  awkwardly)  i 
Steel,  eepecially  wlten  very  hard,  posMMM  \ 


le  tuBgneL  The  iron  can,  in  its  tarn,  support  a  sieoond  pteco  dl 
Ihia  again  can  sup[)ort  a  third,  and  so  on  through  numy  stope. 
gn«tio  chain  can  tlitu 
rmed,  each  of  the  com- 
It  pieces  having  two 
An  actiun  of  tJiia 
Uk<M  pUco  in  the  dus- 
i  fiUojgit  Khidi  much 
wJrn  to  one  cud  uf  a 
rtized  bar,  thoAO  eluii- 
King  composed  of  nu- 
ts chains  of  filings, 
oomparing  the  pheno- 
ol  magnetic  induction 
tfaoM  of  vlfctrical  in- 
w,  we  find  both  point4 
wmblance  and  points 
fereaoe.  In  the  case  of 
idty.  if  Uie  infiuenc- 
ud  influenced  body 
Uowcd  to  conio  in  contact,  the  former  loses  some  of  its  own 
0  to  the  latter.  In  the  case  of  magnetism  there  is  no  sach  Ion, 
•paK  after  touching  soft  iron  is  found  to  be  as  atrongly  magnet- 
•  it  mu  before. 

,  Bfltat  ef  Bnptvre  en  a  Ha^et. — If  a  magnoi  is  broken  into 
lumber  of  pieces,  every  piece  will  be  a  complete  magnet  with 


Pis  Ot-lUcDilk  OuliL 
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of  lU  own.  In  the  case  of  an  ordinary  har-magnet  or  needle, 
milar  polm  of  the  pieces  mHII  all  be  turned  the  same  way,  as  in 

£3.  wUidi  represents  a  magnet  AB  broken  into  four  pieces. 

nda  ti,a,a,a  ore  61  one  name,  and  the  ends  b,  h,b,bot  the 

MDame. 

^■Uginary  Hafoetia  Flaidi:  Ma^etle  Potential. — All  mutual 

Itotween  magnets  cou  bo  reduced  to  attractiona  and  rapulaloiis 
•D  diffarant  portions  of  two  imaginary  fiuidi,*  one  of  which 
mta,  lottovltf  Coakantv  ^K^  of  tw*  magiutle  JhUk,  aad  UddnniB  ikM^t* 
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nuly  be  called  poaitive  and  the  other  negative.  Neither  Said  on 
exi«t  apart  from  the  otberj  every  magnet  poeseaaee  eqoAl  qomtiliM 
of  both;  quantity  being  measured  by  f<jrco  of  attraction  or  repokiao 
at  givvji  distance,  just  a»  in  the  oaM  of  electricity,  like  potbsoa 
Impelling,  and  unlike  portions  attracting  each  olher  tti%'eiwly  u  tlie 
iiquare  of  the  distance.  Equal  quantidee  of  tlie  two  fluids,  wlicao- 
oxistiog  at  the  same  place,  produce  no  resultuit  oHect,  and  may  bl 
leg&rded  as  destroying  eacli  oUier. 

With  reference  to  thase  iiunginary  Quids.  magntUo  poUntial  aa 
be  detiriod  in  the  same  way  as  electrical  potential  <§g  601,  602.  ItUji 
mid  magnetic  linti  of  force  possess  the  Baine  propertiea  at  clwthal 
liuea  of  force  (§§  G03,  C04,  607,  60$).     The  direction  uf  maj^oeU 
force  at  a  point  can  either  bo  defined  as  the  direction  in  whiti  % 
|iolo  of  a  magnet  would  be  urj^ed  if  brought  to  the  point,  or  at  lb 
direction  in  whidi  a  small  magnetized  uixxllc.  if  brought  lo  tir 
|Kiint  and  balanced  at  ita  centre  of  gravity,  would  place  ita  line  rf 
]iolea;  and  lines  of  magnetic  force  are  lines  to  wludi  tlii*  lUrtdia 
is  everywhere  tangential    It  is  impoiiant  to  remark  that  a  Estf 
piece  of  soft  iron,  tliough  it  sets  it«  lengtli  along  a  tin*  of  fen 
does  not  travel  along  a  line  of  force,  but  deriatoa  lowanb  tbe(» 
oave  side.     This  in  easily  shown  by  tapping  the  card  repraNOttd  il 
Fig.  416.    It  will  be  found  that  filings  placed  on  the  linn  m  m  mm 
ivlung  that  lino,  and  therefore  at  right  angles  to  the  linos  of  fatta 

The  force  whicli  is  specified  by  magnetic  *  lines  of  (om'ii^ 
force  which  on«  jioU  of  a  permanent  magnet  would  cxpeti«»;  ^ 
it  ia  the  same  in  intensity,  but  opposite  in  direction,  for  Haiti^ 
poles.  The  two  poles  of  a  small  magnet  (temporwy  or  peflDSM 
in  the  position  of  stable  equilibrium  as  regards  rotatJoo,  in*  y^ 
in  ncsrly  opposite  diroi.-tious;  and  the  fon::«  which  tends  te  pn^ 
movement  of  translation  is  thcn-sultantof  theao  two  Dearly  affiii> 
pulta.  The  direction  of  this  resultant  for  a  small  spbsn  ^^ 
direction  in  which  the  intensity  of  the  field  iticrouuM  most  np^T- 

67S.  Bpeciflcation  of  Ma^etitatios. — A  piece  of  steel  it  «id  I*'' 
wtiiformly  inagnelatd,  if  equal  and  siniilu*  porttoiat  cot  is  [W^ 
directions  from  all  parts  of  it,  are  preciselT  alike  in  their  nsf^ 
properties. 

tbeit  aetloii.  Sir  W.  TbomMO.  avoUlns  Uio  lijrpoUioUMl  p«t<  at  I'iita«'itW«T-^ 
of  inuytaary  >Ha9nf{un(Uf«rot  twu<tiMimUwkk»d«.  W«  hatVMUlMd  IbBM*^*^ 
naiat  Jtiixd,  tiuip!;  btckUM  it  ii  niur*  connnknt  to  (pwJi  of  laajlMMiltwO"** 
tfrnaUtr,  It  f>  to  be  nolod  that  we  canncit  iptklc  ol  two  MyMlMU^  lk«  ai^  H^'* 
lwtia(  bMU  •boatljr  appropruttd  in  «  difl«nnt  i 
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\  If  K  [ueoa  of  mngnoUzcd  itto«I  be  suspcn<Io(l  at  its  centre  of  gra\-it7, 
I  aft  to  be  free  to  turn  nil  wnys  about  it.  tltu  efTL-ct  o[  tli6  earth's 
BU^netism  upon  it  oomuste  in  a  tendency  for  a  parti«tilar  line  through 
Lhis  centre  of  gravity  to  take  a  (Iet«nnin&te  direction,  which  is  th« 

Etioo  of  terrestrial  magiMtic  force.  When  the  line  is  placed  in 
other  potation,  the  coiipio  tooding  to  bring  it  hack  is  propor- 
i  to  tlic  nine  of  tho  an<;l*!  Ix-tn-een  the  two  poeitiooa,  and  u  the 
■HM  for  all  direction.^  of  rleviation.  The  line  which  posmaaM  tiiis 
fKOpKiiy  is  the  maffn«tie  axis  of  the  body,  and  the  name  in  sometimeo 
^ves  to  all  lines  parallel  to  it.  If  the  piece  of  steel  be  uniformly 
neUzed,  this  axis  is  the  direction  of  magnetization;  or  the  diree- 
o/  ma^etitalion  m  tJu  common  direetion  of  all  thoee  !«««» 
I  teitd  to  pUiee  th^meelvee  aiang  lii\e$  of  force  in  a  liold  *  where 
of  forpe  are  paralk'l. 
[•74.  Ideal  Simple  Magnet:  Thla  Bar,  nnifonnly  and  loositudlsally 
netiMd. — The  mutual  actions  of  ma^et^  admit  of  very  accurate 
sion  when  the  magnets  are  very  thin  in  comparison  with  Uieir 
h,  uniform  in  section,  and  uniformly  magnetized  in  the  direc- 
I  of  their  len^h.  Such  bats,  whicli  may  be  called  ain\jit  magntU, 
ire  at>  if  their  force*  rcaided  solely  in  tlieir  end»,  which  may 
fore  in  the  strictest  sense  be  called  their  poles.  Tlie  two  poles 
any  one  nuch  bar  are  equal  in  strength;  that  is  to  say,  one  of 
attTKctd  a  pole  of  another  simple  magnet  with  the  same  fort-e 
ith  which  the  other  repels  it  at  the  same  distance  In  tho  lon^iusge 
^  tlw  two-fluid  theory,  the  two  fluid»  destroy  on«  another  oxoopt  at 
I  two  «nds,  and  the  quantities  whieb  reside  at  tb«  ends  are  equal 
■  of  oppoaite  lugn.  The  Mune  number  which  denotes  tlie  quantity 
at  either  pole,  denotes  the  drength  of  the  pole,  or,  aa  it  is 
(ealled.  the  $trenffth  of  lite  moffitA  Ita  definition  is  he«t 
by  saying  that  tho  foroo  bttwesn  a  polo  of  one  simple 
net  anil  a  polo  of  another,  is  tlio  product  of  tlieir  strengths 
by  the  square  of  the  dJKtanco  between  them.' 


I  tfftrt*  b  Ui J  itfion  of  ip^m  traiened  by  llna  of  foire ;  «v,  lo  oUwi  vcria. 
pervMtod  bjr  fofoa  of  kttrMtion  «>r  niiubiaa.    A  magnttit  JUU  it  any  ivRim 
bj  m^imUt  to««L    All  «|iM>  ia  iIm  iMighb<nitfc«4  at  Uw  cartli  b  >  magMtlo 
1  vMliba  moibrate  dlftoneta  tk»  Ubm  el  lMe«  tn  It  Di»r  b«  regMdsd  m  ftnUtt, 
I  augnvta  or  pieca  •(  Iron  an  pnacnt  to  pnxlvM  dirtaTbu«& 
Fknt  Mkl  UinMchout  tk*  renwinder  of  tbi*  clikptar,  ignon  the  «iMl«aM  of  bda^ 
h  vUdl.  bowivnr,  t*  not  allngMlMr  ftWvl  •Ton  in  (bg  btnlsal  iletL     Tbc  cflMt  ol 
I*  diriy*  lo  (kvnai  aUnelka.     Tb«  ut>M;tl:«*  will  tb((*f(««  be  i 
V,  wil  tht  rapnUom  iwuwbM  WMkrr.  Uiu  out  tbeerjr  aufitMaM 


from  what  tias  just  been  Baid,  that  ttio  continued 
moment  of  the  Tnaynet,  the  intermtif  of  ttrretdrial  1 
and  the  eine  of  Oie  angle  between  the  length  of  ike  9 
Unm  of  force,  is  equitl  to  the  moment  of  the  couple  wl 
magnetism  exerts  upon  the  mngucL  ^ 

675.  Compound  Uagnet  of  Uniform  HagDetiMtlfl 
which  ia  not  a  simple  magnet  in  the  sense  defined  u 
called  a  compownd  magnet.  It  ia  convenient  to  defii 
of  a  compound  magnet  by  tlie  condition  stated  in 
words  of  that  section,  so  that  tho  momenta  of  difl 
whether  simple  or  compound,  may  bo  compared  l^ 
couples  exerted  on  thcjn  by  terre^ttrial  magnetisiU 
are  equally  inclined  to  the  lines  of  force.  | 

If  a  number  of  eimple  magnets  of  equal  atreogtii  % 
end,  with  their  similar  poles  pointiof;  the  same  vs] 
mutual  destruction  of  the  two  imaginary  fluids  si 
aad  the  system  will  ooiistitutc  one  simple  magnet  of  tbi 
M  any  one  ot  its  componeata;  but  Jta  moment  wUlji 
«um  of  tlieir  momenb.  fl 

If  any  number  of  simple  magnets  be  united,  ettliti 
aide  to  side,  provided  only  that  they  are  parallel,  i 
similar  poles  turned  the  same  way,  the  resultant  ooopl 
the  whole  syetcm  by  terrestrial  magnetism  will  (§  Vt\ 
the  BOparate  couple:*  cxort«d  on  each  simple  ra^net,  m 
tJt  tha  aystem  will  be  the  aum  of  tlte  moBWiia  iff  j%  | 


.  Aota&l  Ma^eU. — The  definitions  and  laws  of  simple  toagnets 
bpproxitDaUtlj'  applicable  to  actual  magnets,  when  magnetized  in 
er. 
.  bar-magnot  in  the  Tonn  o(  a  rectangular  parallolcpipotl 
wttl)  perfect  uniformity,  and  in  the  direction  of  its 
migjit  be  regarded  ns  mailc  up  of  n  number  of  simple 
nets  laid  side  by  side,  and  ita  behaviour  would  be  represented 
ippoeiog  a  complete  absence  of  magnetic  fluid  from  all  parta  of 
oepi  tta  ends  (in  the  Btrici  mathematical  sense).  One  of  these 
inal  (aOM  would  bo  covered  with  positive,  and  the  other  with 
ttve  fitiid,  and  if  the  magnet  were  brokoa  aeroas  at  any  pari 
B  length,  the  quantities  of  poaitivo  and  negative  fluid  on  the 
an  eoda  would  l>e  the  Mune  as  oo  the  ends  of  the  complete 
■t     The  observed  fact  tliat  mogneta  behave  as  if  the  tluids 

distribated  through  a  portion  of  their  substance  in  the 
^tourfaood  of  tho  onds,  and  not  confined  to  the  ends  strictly  so 
ptpdicatta  a  falling  off  in  magnetization  towards  tho  extremities, 
Bapproxiinat^'ly  ropn'M^-nu^'I  by  ooncoiWng  of  a  number  of  sliort 
U)U  hud  i-nd  to  rtid.ond  falling  utTin  strength  towards  the  two 
■mities  of  the  series.* 
■•  resultant  force  due  to  the  imaginary  magnetic  fiuida  whinJi 

ributod  through  tho  terminal  portions  of  an  actual  bar- 
la,  in  tho  eaM  of  actions  at  a  groat  distance,  sunsibly  the 
t  M  if  the  two  portions  of  fluid  were  collected  at  tlieir  rcnpvc- 
eentns  of  gravity.  These  two  centres  of  gravity  are  tlte  polew 
m  magnet  for  all  actions  between  the  magnet  and  other  iiuigii«l« 
great  distance,  and  mote  eepedally  between  the  magnet  and  tht- 
L 

W  nonent  of  any  magnet,  however  invgulor  in  its  magnctiza- 
ay  be  defined  by  reference  to  the  expression  given  in  §  67i 
iple  exerted  on  tlio  body  by  lcrrc«trial  magntitisin.     This 
M I  sin  M,  whore  I  denotes  the  intensity  of  torreHtrial  mag- 
■  tl)u  inclination  of  the  magnetic  axis  of  tlie  body  to  tho 
!  tile  eatUi'a  magnetic  force,  and  M  the  moment  which  we  are 


I  1m1  mpM  U  lb«  porfUn  Md  bang  wrakn  tlua  lu  Mtotilwor,  ita  Mqput** 

>  wmImt  Uiui  lb  ntitfCbaafa  peilUv*  pok,  »a  (Iwt  than  will  tw  mi  u«m  oI 

I M  till*  JuMrliiH.   8ijaIlari«u««itiiBap]iU«*ta*ll  th«  jenolioiunBU'UiaMidh 

I  u  no—  of  pMiU(*  fliuil  ftt  *11  JumUoiu  dm*  th«  podUn  mti,  isd  Ht  «■- 
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677.  The  Earth's  Force  simply  DireotiTe.—^I^  tenm  vUdl  |l»:^ 
duc«  the  orientation  of  a  magnet  <Ie[)end  upon  causes  of  which  n>y 
little  is  known.  They  sre  e\'idently  ooonccted  in  soow  wit  ml 
the  Cftrth.  and  are  accordingly  referred  to  TEBBESTBUL  HACisniB. 
We  have  already  stated  (§  073)  tliat  the  oombtDod  effect  of  tlw  foM 
exerted  by  terr«AtriaI  ma^iictisin  upon  a  magnciiied  oesdle  n  «)•■ 
valent  to  a  couple  tending  to  turn  tlie  needle  into  a  partkehr  Hk^  ' 
tioQ,  and  (§  676)  that  in  the  case  of  needles  ma^etuwd  ia  tk 
ordinary  way.  there  arc  two  definite  points  or  poles  (oesr  iht  m 
ends  of  the  nuedlc)  which  rniky  be  regarded  as  the  points  of  s]ipl>» 
tion  of  the  two  equal  forces  whicli  cotutitute  the  couple. 

The  fact  tliat  terrestrial  magnetic  force  simply  ictnif  lo  tan  it 
needle,  and  not  to  give  it  a  movement  of  translation,  in  ot^er  «art(| 
that  the  reaultaQt/(7rce{a»  distinguished  from  cDU}]/«>issta«,iid* 
pletely  provvil  by  the  two  following  cxperiiocntB: — 

(1)  If  A  bar  of  steel  is  weighed  before  aad  afti-r  magnetintiea,* 
change  is  found  in  its  weight.  This  proves  that  the  rertiesl  e* 
ponent  is  zero. 

(2)  If  a  bar  of  steel,  not  mi^etizod,  is  snspended  by  s  l«if  a 
fine  thread,  the  direction  of  tlio  thread  U  of  coune  vertical  U  *• 
bar  is  then  magnttized.  the  direction  of  the  tlmad  atHi  rMOsisf*^ 
tical.  The  most  rigorou.-(  tifttts  fail  to  show  any  diangs  of  Us  foi^ 
This  proves  that  the  horizontal  component  is  cero;  a  ooDclnicB  wW 
may  be  veriticd  by  floating  a  magnet  on  water  by  mnns  of  s  tA 
It  will  be  found  that  there  is  no  tendency  to  moTe  aerca  the  * 
in  any  particular  direction, 

678.  HoriKOQtal.  Vertical,  and  Total  IntcDsltiat.— If  S  teoM  A* 
strength  of  a  utajjnct,  an  J  I  the  iut«iuuty  of  ismetria]  mspMitff**^1 
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the  magnet  experiences  a  force  SI,  and  if  L  denote  the 
between  tlie  polea  (irften  called  the  length  of  thv  magnci;. 
knee  between  the  llnttt  of  action  of  Uiwo  two  parallel  and 
forces  loay  have  any  value  intermediate  between  L  and  ]!«ro, 
j;  to  th«  position  in  which  the  needle  is  held.  It  will  be  zero 
a  line  of  poles  is  that  of  the  dipping-needle;  it  will  be  L 
e  line  of  pole*  is  perpendicular  to  the  dipping-needle;  and 
L  aiii  «  when  the  lino  of  polos  is  inclined  at  any  an^jlc  «  to 
isg-needle. 

>rce  SI  ui>on  either  pole  of  the  magnet  a«b(  In  the  direction 
pping-needle;  io  otbor  words,  in  the  direction  of  the  lines  of 
I  to  terrestrial  magnetism.    Let  i  denote  the  dtp,  that  ta  the 

Eof  tlie  lines  of  forre  to  the  horiiMin,  then  tlio  force  ST  can 
into  ai  ctis  )  horizontal,  and  SI  sin  3  vertical.     Henci- 
tontal  and  vertical  intcniiities  H  and  V  are  connected  with 
int<^ftit.y  and  dip  I  and  i  by  the  two  equations 


B:=IC>M« 


V=Iiln4 


I  equiTolent  to  the  following  two 
V 


a 


=Mi« 


v+ffsr. 


(i| 


m 


nirBioa-balaBce. — Coulomb,  in  investjgating  the  laws  of  the 
action  of  magnets,  employed  a  torsion-balance  scarcely  dif- 
rom  that  which  he  used  in  his  electrical  rtsowches.  The 
ng  tliread  carried,  at  its  lower  end,  a  stirrup  on  whidi  a 
ted  bar  wati  hud  horizontally.    The  tonion-bead  was  m 

that  one  etid  of  the  magnet  was  opposite  tlie  zero  of  the 
I  «u  the  glara  esse  when  the  supporting  thread  was  without 

In  order  to  etlect  this  adjustment,  the  magnet  was  tirst 
(d  t^  a  thread  whose  torsional  power  was  inconsiderable,  so 
t  BMgoet  placed  itself  in  the  magnetic  meridian.  The  case 
t  tamed  till  its  xvro  come  to  this  pottiUon.  The  torsioolam 
ru  then  replaced  by  a  fine  metallic  wire,  and  tlie  magnet 
'aeed  by  a  copper  bar  of  the  same  weight.  The  head  was 
ned  till  this  bar  came  into  the  magnetic  meridian,  and  lastly 
aet  wos  put  in  the  place  of  the  bar. 

S4  shows  ttic  arrangement  o^loptcd  for  observing  the  repul- 
ttractioo  botwocn  one  pole  of  the  suspended  magnet  and  one 
iDotbor  magnet  placed  vertically.  Before  the  insertion  of 
V,  tha  suspended   magnet  was  acted  on  by  no  borizontal 


m  ni    TiiiiiiiiiMii 
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above,  for  the  tvro  equal  borimntAl  forees  on  Um 
constant  for  all  pomtioDS,  the  coaple  vrhxeh  tiiejr  eon 

Uonal  to  the  distance  between  their  lines  of  action,  an 
is  eAidently  L  sin  0.  L  denoting  the  constant  distant 
poles,  and  tf  the  deviation  of  the  needle  fotnu  the  tnerl 

680.  Keasurvment  of  Deolinatton. — Ua^eUc  deeUa 
observed  with  several  dilfcront  forma  of  apparatun. 

At  sea,  the  most  common  mctliod  of  determimn);  i1 
in  obnerving  the  magnotio  bearing  of  the  risim;  or  • 
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•  iQfttmment  is  set,  by  the  bolp  of  astronomic*]  observations, 
i   tlie    vertical    plane    in 

the  tokscopo  LL'  (or 
ocurat'.'ly  it«  lino  of  c»I- 
n)  inovflH,  coiDctdra  with 
igraphical  meridian,  tliQ 

the  tkeedle  indicate  tiie 
tiou  on  th«  gnduatvJ 
iver  which  they  movo. 
vde  in  fact  turns  witli 
scope,  th«  lino  of  0°  and 

•  being  always  in  the 
rertiral    plane    with    the 

ootlimatifMi  of  the  tele- 
The  external  divided 
>Q  'a  Bsod  forsetling  the 
Mat  In  ths  anridiau. 
UEM  ouorvatorin  num 
m  tofUiotSa  of  observation 
ployod.  Fig.  420  ahows  the  arran^ment  adopted  at  Green- 
A  Ittr-magnel  B  carries  at  one  end  a  cross  of  Bne  threads  C.  and 


R(.  OK-DMantllMnMdaUk. 


nam 


lida*    II  (fco  not  HMn 


lUialUgMi 


mnll«w  htbig  tftdlcrtwl  h;  divided  <bd«  m 
UtiOj  fiMn  tfaa  Uiggr  inMnuwat  oallod  iIm 


telesQope  E.  Wben  the  oWrvstion  has  been  ntade  wi 
in  one  position,  it  must  be  repeated  with  the  toagnei 
down  OS  sltowD  in  the  figure.  Error  of  par&llplisii 
magnetic  axid  of  the  bar  and  the  line  of  oollimatioD  c 
teleAcope  which  it  carries,  will  oifvct  them  two  obset 
same  extent  in  opposite  direcUoDA,  and  will  therefore  i 
tlieir  mean.  The  readings  are  taken  on  a  horizontj 
eponding  to  the  outer  circle  in  Fig.  42o,  and  ostxonoi 
tions  muMt  bo  loade  once  for  all  to  determine  what 
sponds  to  the  geogmphicol  meridian. 

Another  very  occumtc  method  connsts  in  rigidly  ai 
bar.  iiuitead  of  the  lens  and  cross,  a  small  Terticol  mil 
either  be  viewed  through  a  telescope,  so  oa  to  show  tl 
a  horizontal  scale  of  equal  ports,  which  will  appeer  t 
the  field  of  view  of  the  telesct^  on  the  mfl;;net  turn 
employed  to  throw  the  imago  of  a  Hpot  of  light  citJiei 
viewed  by  tfie  obiwrver,  or  still  better  upon  photograph 
by  clock-work, which  leave*) a  permanentreoord of  eonti 
Both  these  methods  of  employing  mirrors  for  tike  oban 
movements  of  rotation  are  now  extensively  employed 
cations.  Thcj-  appear  to  have  bcon  first  introduced 
employee!  th<-m  for  the  ptirpOM;  vrhi<^  w«  are  now  CO 

681.  If  easurement  of  Dip. — Tlie  dip-cirde  or  ineliiHil 
represented  in  Fig.  427.  It  conaista  essentially  of 
needle,  verv  Accuralelv-oniLdAlk 


OBSEBVATIOS   OF   DIP. 
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meri'JUa,  tlifl  needle,  being  free  to  move  in  this  plane,  will 
tl,T  inilioito  the  dip.  On  the  other  hand,  it  the  vertical  drde 
in  a  pUo«  perpendicular  to  the  magnetic  meridian,  tixc 
Itol  ooiDpOOOOt  of  terrestrial  magnetisni  is  prevented  from 
tning  th«  neodlo,  whidi,  accordingly,  obeys  Uic  vertical  ooniponL-tit 
ify.uid  trices  a  vertical  position.  In  int«nncdiBt«  positions  of  iJto 
IBtkal  circle,  the  needle  will  assume  positions  intennediate  between 
!•  Tutical  and  the  tme  angle  of 
In  fact,  if  0  be  the  angle 
tJio  plane  of  the  vertical 
makes  witli  Uie  magnetic 
9,  tlto  component  U  sin  9 
itrial  [u^neti!im,  being  per- 
licnlar  to  this  plane,  merely 
tu  produce  pressure  against 
supports,  and  the  horizontal 
HspuQidit  influencing  the  poeitioo 
!lb*Qc>odl«i(ionly  H  Cos  A,  which 
^|iB  the  plane  of  the  circli.\  As 
of  ihe  vertical  force  ia  de- 
J,  tlw  tangent  of  the  appar- 

accunte  method  of  setting 

ieml  circle  in  tlie  magnetic  meridian  oonusta  in  first  at^Jiist- 
>  to  that  the  needle  takes  %  vortical  poiitiun,  and  tlicn  tuning 

ighdo-. 

be  initnimcnt  having;  thus  been  xet,  and  a  reading  taken  at  each 

iot  the  ueedle,  it  should  be  turned  in  azimuth  through  180',  and 

pair  of  readings  taken.    By  employing  the  mean  of  tJieee 

lini  of  readings,  several  sources  of  error  are  eliminated,  includ- 

i-ooiocidcnoo  of  the  axis  of  m&gneti7.ati(>n  with  tlie  line  joining 

I  n[  the  needle.    One  important  sonrco  of  error — deviation  of 

of   gravity  from  the  ax!.->  of  suspouuoD  in  a  din^ction 

to  the  length  of  the  needle,  ia.  however,  not  tlius  corT«cted, 

I  only  be  eliminated  by  remagnetizing  tlie  needle  in  the.  reverse 

NO  aA  to  interchange  its  poles.    The  mean  of  the  resultd 

nrd  before  and  after  the  revenal  of  its  nULgnetixation  will  be 

nic  dip. 

better  funu  of  instrument,  known  as  the  Kew  dip-circle,  is  now 


\ 
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employed.    Ito  easential  parta  Km  represented  In  Fig.  i'**. 

is  no  metal  near  the  nt'cdie,  ami  Uie  readings  are  taken  on  • 

rouod  which  two  tcioMVfM 
travel  In  Mcb  ohMnatfai 
the  toloMopm  kn»  dinctel  k 
tho  two  encU  of  tli«  D«nll» 
683.  Heaaoreneit  if  b> 
tensity  of  Termtrial  li^ 
netio  Force. — Th*  eoofUi 
BpcciSeation  of  tb»  atiH 
DMgoetJc  force  at  $ay  fkm 
involves  three  iadtfrnlti. 
elements.  For  exunfk  tf' 
declinatiun,  dip.  and 
sontal  Force  arv  dni 
by  obaenration.  veitical  fmr 
and  toUl  force  eta  \»  air 
culated  by  the  Ivtmimd 
§678. 

Observatioiis  of  iMf» 
tic  force  an  made  tiUiir 
counting  the  number  at » 
bratiu&s  i!xc>cut4'd  in  ■  p* 
time,  or  hy  kutical  Ma 
'.ffmoMoats.     If  n  niagnot  executes  small  horizontal  nbtnliaiit  i 

the  inOuAHce  of  the  earth's  mi^ctism,  the  square  of  the  nnalNtf 

vibration)!  in  a  given  time  is  proportional  to  — ,  H  dcaolin  wj 

horizontal  intensity,  M  tlm  moment  of  the  magnet,  and  p  ita  i 
of  in-jrtJa  about  tlie  centre  of  8tutpen.iion.  Henoe  it  is  easv  to  ofatf* 
the  variations  of  horizontal  int«n.«i:y  which  occur  frooi  ttsf  Ml 
if  we  can  insure  that  our  magnet  itself  shall  undevgo  na  dwip  Vl 
if  we  have  tho  means  of  correcting  for  such  cliangea  aa  it  nniiqM^ 
To  obtain  absolute  dotermiDations  of  hoiisontal  inl«iMi^.lki( 
lowii^  method  ia  employed. 

First,  o1»erve  the  time  of  vibration  of  a  f reetj-euspendcd  1 
lal  magnet  under  the  influence  of  tlie  eartli  alone, — Uiia  will  (if 
j>roductid  the  earth's  horizontal  intensity  and  the  moaMntrfl 
magnet 

Secondly,  employ  thb  same  magnet  to  act  upon  anulh«  ibal 


rtg;  Ut-Xtw  Dli»dr«U 
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4ed,  lad  thus  compare  ita  influence  with  tliat  of  tb«  earth,— 
ill  give  the  ratio  of  the  same  two  quantities  whose  product 
and  before  H(.-ncc  ttiu  two  quaulili(.'s 
^T«B  can  easily  be  computed. 

BUlar  and  Balance  BCa^n^stometera. — 
HUgM  of  horizontal  inU-iixitj'  ar«  iiit^a- 

•Utieally  hy  means  of  the  bifilar 
tometer.  Tliis  consintfi  of  a  bar-magnet 
m)  suspended  by  two  uqual  tliraodl 

would  be  in  one  vertical  piano  if  tlto 

ire  oamogDctizcd;  but  nuittora  are  M 

ltd  that,  under  the  oombined  action  of 

til  of  tlw  Uireads,  the  weight  of  the 

Od  Ibe  earth's  m&gnetistn,  the  bar  is 

hi  a  position  nearly  perpendicular  to 

tgnettc  meridian.    Tbo  changes  which 

in  ita  poaition  from  time  to  time  are 

ily  to  cliongiM  in  the  inlennti/  of  tho 

I  horizontal  force;  chan^  in  the  (lin.-c-  rig.  t».-BiiiU7  Ui«MMiMKr. 

t  tliis  force,  to  the  extent  of  a  few 

es  of  angle,  having  no  sciuiblu  ctfcct,  on  account  of  the  near 

\di  to  petpendicularity. 

the  distance  E  F  of  tlio  upper  pointa  of  attachment  of  the 
k  be  !a  and  the  distance  GH  of  the  lower  pointa  2b, 
at  tin  angle  between  the  directions  of  EF  and  GH  bu  ^. 
tt  W  bo  the  weight  of  tJie  nuLgnet, 
langth  of  each  thread,  T  its  ten- 
nd  9  ita  inclination  to  the  vertical  x** 
|.  430  E*,  r  are  the  projections 
,S    opoD    the     Loriituntul    plane, 

eontaiiH  O,  H;  and  On!  two  lines 
tf  btMCi  caeli  otlier  at  U,  so  that  we  have  OE'=a,  00=6, 

=♦■ 
is  the  prujeotion  of  one  of  the  threada;  we  have  tlierefore 

I  lio  0,  and  the  tension  of  this  thread  can  be  resolved  into  a 

II  ooBiponent  T  ooe  0  and  a  horizontal  oomponeut  which  acta 


nt-ox 


DE*.  andisT.sinOor  T 


OK" 


The  moment  of  the  latl«r  round 


Dond  by  multiplying  by  tlio  perpendicular  dropped  from  O 
IE*.    Bat  GE'  multiplied  by  this  [terpendicular  U  double  the 


acting  onlTie  ma^eE,Truie  axis  of  Ihe  latt«r  is  perpci 
lua^uuUc  moridian.  If  tbo  deviation  from  perpcodica 
couple  will  bo  MH  oos  j9,  ami  ^  U  practically  tto  small  I 
be  taken  us  unity.  Since  iu  the  position  uf  equilfl 
couples  balance  each  other,  we  have  tlie  equatioa 


Wl^iia#=HB. 


I 


which  dhows  Uiat  U  varies  as  sin  ^ 

The  changes  of  vertical  intensity  ore  measured  1^ 
itioffttelumeter.  which  consistfl  of  a  bar-magnet  placed  i 
ujeridian,  aiul  siiMpeudod  on  knifv-cdgce  ltk<;  the  beam 
balance.  Its  deviations  from  horizontalkjr  an  ox 
changes  of  vertical  intensity. 

Both  these  in-itniments  have  mirrors  attached  to  th* 
produce  a  photographic  record  of  the  movements  of  I 
principles  above  explained.  S 

The  moment  of  a  magnet  varies  with  temperatflj 
ished  by  something  like  one  ten-thoiuandth  part  of 
degree  Fahr  of  iucroo^c.  and  increasing  again  at  the  n 
the  tempcmture  fallti.  Hence  magnetic  ob»en-atorin 
at  a  nearly  uniform  temperature.  They  must  abo  ba  t 
from  iron.  No  iron  nails  are  allowed  to  be  UB«d  In  I 
tion,  copper  being  employed  instead. 

684.  Reaolts  of  Obsenration. — The  annexed  6gon 
approximate  representation  of  the  magnetic  meridiai 


be  traced  by  continually  travelling  in  the  direction  o 
Ot  Vfest.  M 

685.  The  Eartli  as  a  Ua; net. — The  intensity  anifl 
restrial  magnetic  ftnxre  at  different  places  may  be  roufi 
l>y  siipptwinj:^  that  there  is  a  magnet  'v'  (Fig.  433 
centre,  having  a  length  very  small  in  oumpamon  « 

raditu.  and  luaking  on 
20'  Willi  the  earth's  « 
The  poinfai  A  and  B  ol 
ducing  tbia  luognet  Vo 
meet  the  surfaco,  would 
poltw,  and  at  any  uihi-T 
nctic  meridian  wouM 
plane  cuiiuiniiig    thn 
A  B.     At  pUi-cd  situaUi 
circle  whose  plan«  cud 
axis  of  rotation  and  thci 
the  nutgnutic  meridian 
with  the   geogmpbiflal 
Uie  declinotioQ  woul^| 
other  jtliicc  M.  tl^e  twfl 
cut  each  other  at  an  angle  which  would  he  the 
At  all  places  on  t]i&  great  circle  ■  ('  whoae  plane 
tbe  magnetic  nx'm,  a  tieeille  stm]>cndod  at  itii  eentra^ 
place  itself  pai-aJlel  to  Uiia  ftxia.  and  con— qimttly/ili 


ns  ttt-Bioo  Un>"U>**tt. 
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[npbical  wjuator  at  an  angle  of  20*.  Proceeding  from  the 
le  equator  towards  the  north  magnetic  pole  B,  the  n«ciU« 
tip  more  and  niori',  until  at  B  it  liccAtne  vertical.  A  di-cUnii* 
Mile  at  B  woul<]  remain  inilifTvnMttljr  iiiall  poKition-i.  ^imiliu' 
Mia  woolil  be  okm-rvod  at  the  other  magm-iic  polo  A.  The 
the  aaedle  which  vroulil  dip  at  B,  and  which  at  othe^r  porta 
Arth  would  [)oint  to  magnetic  nortli,  in  that  which  is  similar 
tonlhem  pole  r'  of  the  terreetdal  inagnot  *  »  ,  aud  the  pole 
a  Bimil&r  to  «  would  dip  at  A. 

■apposition  of  svicli  a  central  mof^ct  ia  known  as  BioCs 
ris.  It  leads  to  thi>  same  TX!'«ult«  as  U)o  siippwitioii  that  tho 
I  a  unifoRnlj  magnetized  aphera  For  if  we  have  a  spliere 
» of  a  ounil^jr  of  equal  and  similar  ttmall  iiia^i't<*  witli  their 
tinting  the  flame  way,  we  may  fluppose  all  the  imaginary  tlu»l 
-  northern  ends  to  be  collected  at  me  oentnd  point,  and  all 
ginary  tiuid  at  their  soutbom  ends  at  another  oi-ntral  point, 
ancs  between  t]ti'?»o  two  points  being  v<\ua.\  to  the  oouimon 
if  the  small  magnets.  Henoe  the  nmall  cvntnl  magnet  will 
e  same  moment  an  the  uniformly  magnetized  earth, 
ftctual  phenomena  of  terrestrial  magnetism  arc  much  more 
r  than  the  reeulta  to  which  tliis  bypotheais  leads.  It  would 
that  tliL-  earth's  magnetism  ia  distributed  in  a  manner  not 
[o  to  any  simple  expreAsion. 
Changs  of  Deoliaatioa  and  Dip. — Declination  and  dip  %-ary 

fiot  only  from  placid  to  place,  but  also  from  time  to  time. 

tbo  date  of  tlie  carlicat  recorded  observations  at  PariK,  I'lUO, 
liaaUon  was  about  II*  SO*  B.  Tn  1003  the  needle  jtointed 
th  and  south,  so  that  Paris  was  on  the  line  of  no  declination, 
bat  time  the  declination  has  been  west,  increasing  to  a 
im  of  S^  34',  which  it  attained  in  1814.  Since  tJien  it  has 
I  diniinisliing  to  tho  present  time,  its  present  value  being 
W. 

I,  Ita  amount  at  Paris  haK  continued  to  dimiuiiih  ever  »incc 
ohMorved  in  IG71.     From  7o^  it  has  fallen  to  CG*,  ita  pre- 
As  its  variations  since  181)3  have  been  scarooly  sensible, 
lo  have  now  attained  a  miuimuro,  to  be  followed  hj 
b1  incrcoMu 

KagMtJe  Btoras.— Ik-sidM  the  gradual  changes  whidi  occur 
■trial  magnetism,  both  as  reganls  direction  and  intensity  of 
^»  emma  of  long  periods  of  time,  tlieiv  are  minute  fluctua- 


67fi 


EXPESmUMTAL  DETAILS 


"-'-"-"■ 


tious  continually  tmci^able.   To  a  certain  eictcnt  these  m  dtfodol 
on  the  varying  position  of  tliu  nun,  and,  to  a  much  guudler  ext«iit.*( 
the  moon,  wiUi  respect  to  tliu  ploce  of  obnervatkm:  but  ovei  lat 
above  all  regular  and  periotlio  cliangeis,  there  is  a  lat^ga  uxmntrf 
inrcgular  fluctuation,  which  occasionally  beoomed  ao  gnat  aa  ta  •» 
stitute  what  h  called  a  magnetic  ^orm.     Ua^etic  Btorma  "an  Mi  I 
oonnocted  with  thunder-stonns,  or  any  other  known  ilt»Cur}wK*rf{ 
tlie  atmoephere;  but  they  or-.'  invariably  oonntt-u-d  with  oxhiLuuiM 
of  aurora  boroalis,  and  with  spon(.iiifOii»  galvanic  currvnbi  ia  in  j 
ordinary  tcliNgraph  wir<'«;  and  thi»  oonoKctioti  u  found  to  b«Mi 
tain,  that,  upon  remarking  the  dtaplAjr  of  one  of  Iho  tbR«  i 
[^leaomena,  we  can  at  onoe  aaaert  that  the  other  two  am  uliimMil 
(the  aurora  borealis  sonietiiuea  not  visible  here,  but  certatolr  vidfc  | 
in  a  more  northern  latitude),"*     Tliey  are  scnaiMy  thp  «m«< 
stattoos  many  mil'.vt  apart,  for  oxamplo  at  OrDonwich  and  Kev.ailj 

they  affect  thiaditvc-tiuDandi 
of  horisontal  much  nran  Uini 
vertical  force. 

688.  Ship's  Compaaa.— In  a  I 
Corii]iius,   the    box    ee   (Fig. 
whtdi  contains  the  noeJW  n  t 
ed  below,  and  hui^  oa  h-tr^tak 
which  consifit  of  two  tittf^  u  v , 
ranged  aa  to  admit  of  inubua  i 
two  independent  homunta)  an^J 
uu  at  riglit  anglea  lo  ndt' 
This  arrangomont  prevcata  it  '■ 
Ix'ing  tiltttl   by  Um>  piiHii&f; 
rolling  of  the  tiup.    Tlw  nae^i 
ia  Brmly  attacb«d  U>  tU 
card,    which    is    a    rimW 
marked  with  tJio  32  |utnl*(fl 
fiompan,  a»  in  Fig.  isi,  and  i 
uftually  dividiMl  at  iti  < 
into  3G0  dcgrouB.    The  ard 
its  attodied    needle  ia 
lialanced  nn  a  jioint  at  its  ceDtre.     The  needle,  which,  in  aetsl  m,\ 
is  concealed  from  view,  liiat  along  the  Iiimi  N  S.     Tlw  box  anwaJB*  j 
vertical  mark  in  its  interior  on  tiic  Hide  next  the  abip'a  Wr.M^J 
'  Airy  M  Ut^tlitm.  p.  SOi 
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u  an  index  for  reoHin^  off  on  tlip  cnni  the  <]iroction 
ith  Uie  ehip'fl  head  w  turned  Soinetimos  a  rvtluctor  is  ciupluyt^l, 
tn  the  fimt  part  of  Fig. 
|k  saeli  a  po«ition  that 
looking  in  from 
1  mn  read  off  th«  indi- 
ion  by  rrflcctioii, 
at  the  Munu  tiino 
k  distant  obj<xt  whow 
»ti«  bearing  is  required. 
rigio  of  the  oompaas  is 
ebKiue.  The  ancients 
iwan  tliat  the  loadstone 
^  iron,  but  were  t^inor- 
direetive  property. 
it  came  into  xtao 
sone  time  in  the 
tlw  tliirt«eintb  cen-  mt^m-oanfmutHL 


I  Ketlioda  of  Magnetisation. — Tlii'  iiMiial  proccxn  of  mnirnetizing 

pnnAtntA  in  rulibing  it  wiUi  or  n^'aiiiNt  a  liar  already  uiagnetiiced. 

■Dt  tnetlK>dfl  of  doing  this,  called  single  touch,  double  touch,  tc., 

n  devised,  in  which  magnetized  bam  of  steel  were  the  map- 

ff  ageota.     Much  greater  power  can.  however,  be  obtained  by 

of  alectro- magnetism ;  and  the  two  following  ntcthods  are  now 

•xcluNivuly  employed  by  the  makora  of  magnets. 

.  flxad  «l«ctn>-magnet  (Fig.  i36)  is  employed,  and  the  bar  to 


rif  «M 


UtUMd*  <a  lti^t«t»a»m. 


Kf  BI 


■HilMl  in  drawu  in  opposite  directions  over  its  two  poles. 
tnkc  t«niis  tu  develop  at  the  end  of  the  bar  at  which  th<> 
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motion  craaoR.  t1i«  opposite  ntagnoliHin  to  thiit  of  the 

iu  oontAcb  with  it.     Uence  stroke;!  in  r>ppoaito  diraotaoM'l 

two  contrary  poloa  tend  to  magnotizo  the  bar  the  sanm  wmf. 

3.  Whon  vciy  tiitonsc  magnetization  m  to  !■«  pnxlauci,  tba  al( 
niAgnot  must  Im  very  powerful,  and  the  btr  then  aJbrra  to 
Htxongly  thiit  the  operation  above  descnbod  bocoiuM  difficult  of 
cution,  bettideii  Etcratching  the  bar.  Hence  it  is  more  coDTMiia 
move  along  the  bar,  as  in  Fig.  ^7,  a  coil  of  wire  bbiougli  wU 
current  is  passing.  This  was  the  nietltod  employed  by  Jingo 
Ainp^ro. 

A  bar  of  .iteel  Li  said  to  be  ningnctizeJ  to  ^aturalityn,  wba 
magnetization  ia  a^  intense  aa  it  is  able  to  retain  witboul  MM 
low).  It  is  poetiible,  by  means  of  a  powerful  magnet,  to  inagMli 
bar  considerably  above  saturation;  but  in  this  case  it  rapidly  1 
intensity. 

Pieces  of  iron  and  steel  frvqiiently  become  tnognctiznt  tMifH| 
or  permanently  by  t]ie  inBneoce  of  the  eortli'a  inagiwtMa,  uri 
action  is  the  more  powerful  ttg  tlie  direction  of  tbdr  langkM 
nearly  coincides  with  that  of  the  dipping-needle.  If  fin-Iroia  id 
have  usually  stood  in  a  nearly  vertical  position  be  f  xombu-d  lijri 
inRuoQcc  on  a  needle,  thoy  will  generally  )>o  founil  Ut 
some  pcnuunent  magnetisui,  tlio  lowor  end  being  that  wb 
tlie  north. 

It  ftometinieifl  happcn.i  that,  either  from  Bom« 
structure  of  a  bar,  or  from  some  irregularity  in  tha  I 


m  t3i.-CiHU«lUtIlt  r»uiK 


ocwi.  a  reversal  of  the  direction  of  inognettxatioo  oecon  in  to**!" 
or  parts  of  tlie  lengtli  0.1  oomjiared  with  the  rest  la  tUi  <■■*' 
magnet  will  have  not  only  a  pole  at  each  end,  but  al>o  a  pob'* 
point  where  the  reversal  oceors.  Those  intermediate  pokiaMflH 
comeqturU  pointi.      Fig.  438  reprMonts  tlie  vtnnpu^  "^  ^ 
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B  bar^iiiiu^nct  which  hiu  Iwo  coiMvciuvnt  poiiitn  a',  b'. 
tbai*  bu  mny  bv  rc(;artli.*ii  a.i  coiLtinting  of  three  mngoeta  laid 
a  ind,  th«  ends  which  u<c  in  contact  being  ainiilar  pol«(i.  lliiw 
jro  polM  ftt  <i'  iind  the  on«  jx)l«  at  a  are  of  one  kiud,  wliile  the 
toloit  at  6'  and  the  one  pole  at  6  are  of  the  opposite  kind. 
t  lifting  power  {or  pvrtatitt  force)  of  a  maf^et  generally 
tBM  with  Ha  bIm,  but  not  in  simple  proportion,  small  magnets 
joaoally  able  to  iitL^tain  a  grcat^ir  mub 
of  their  own  wviglit  tluin  large  one*. 
•  it  h*i«  bv«n  found  advantAgeoua  to 
fuet  ci>iii]>ouud  inagnetA,  confuting  of 
tber  of  thin  \»ih  laid  aide  by  side,  with 
nimilar  poI«  all  pointing  the  same 
way.     Fig.  i-i9  represents 

tsuch  a  compound  magnet 
compoMd  of  Iwctvu  elv- 
montary    ban*,    arranginl 

4x3.  Th«iir  end.s  are  in- 
serted in  maasea  of  soft 

iruu,   the    extri<miUea   of 

which  eonstituU^  thu  poles 

of  the  ityAtein. 
I''^g.  440  ropicscnt*  a 

compounri  hurqe-flhoema^ 

net,  whoM  polea  N  and  S 

support  a  keeper  of  soft 

ifun,  from  which  is  hung 

a     bucket     for     holding 

wrighta.     By  oonlinually 

adding  i>wh  weights  day 

after  day,  the  magnot  nmy 
tde  U>  oorry  a  much  greater  load  than  it  could  have  Mtipportcd 
Iklly;  but  if  the  keeper  is  torn  away  from  tlie  magiwt,  tin- 
bnal  power  is  instantly  lost,  and  the  loagnet  is  only  able  to 
p  tta  original  load. 

lh  attention  waa  at  one  time  given  to  methods  of  obtaining 
bugnela  of  great  power.     TbaMO  rtacudiea  have  tww  been 
toded  by  electro-uiagnetlsm,  which  afTords  tlw  moans  of  obtain- 
IBporary  magnetD  of  almost  any  power  we  please. 
,  Molecular  Ofaaogea  aocompanyin^  HagnetizatioB. — Joule  has 
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Hhnwn  that,  vh^n  a  har  of  iron  is  mafcnettEed  lof^itndunUjr,  K 
acquires  a  slight  iacrea^e  of  length,  compensated,  however,  I7  into- 
verse  contraction,  so  that  its  volume  undergoes  no  change 

If  the  ma^etization  is  effected  suddenly,  bj  oompleting  tn  elootiit 
circuit,  an  car  close  to  the  bar  licars  a  clink,  ami  another  clinkn 
heard  when  the  current  is  stopped 

Thcxe  pheoomeoa  have  been  aocount<^I  for  by  the  hjrpothem  tin, 
whon  iron  is  magnetized,  ita  tnoleculea  place  tbetr  longest  diiDWwJMl 
in  the  direction  of  nia^etization. 

The  effect  of  hf>at  in  diminishing  the  Btrength  of  a  .oa^tt  a 
another  instance  of  the  connection  between  magnetism  and  dU 
molecular  conditions.  In  ordinarj'  easea,  tltis  dtminutton  is  maij 
traiiKiont;  but  if  a  Rtcc!  magnet  is  raiMd  to  a  whit«-hnat,  it  ii  fo- 
manently  demagnetir.od. 

691.  Action  of  Mafpietism  on  all  Bodies. — It  has  lonj;  been  kwn 
that  iron  and  st«el  are  not  the  only  subataooua  whicb  oa  l* 
acted  on  by  magnetism.  Nickel  and  cobalt  especially  were  kwn 
to  be  attracted  by  n  magnet,  though  very  much  more  fe^y  Utt 
iron,  while  biamuth  and  antimony  wer«  repvlled.  Fara>lay,  bj  wui 
of  a  powerful  eledro-magnet.  ftltowc<l  tliat  all  or  nearly  all  ■bImUM 
in  nature,  whether  solid,  liquid,  or  gaseous,  were  tiwogptiMa  ofaif 
netic  influence,  and  that  they  could  all  be  arranginl  in  one  or  Uwdki 
of  two  classee.  characterized  by  opposite  qoalilies.  This  cjipialiM 
of  quality  ia  manifested  in  two  ways. 

I.  Aa  regards  attraction  and  rvpultdon,  iron  and  otIi<ir  parsa^f 
netio  bodies  aro  attracted  by  either  pole  of  a  magnet,  or  nonia^ 
rally,  they  tend  to  move  from  places  of  weaker  to  place*  of  sMf< 
force.  On  the  other  hand,  bismuth  and  otlier  dvttnaffnrtic  bo£>tw 
repelled  by  either  pole  of  a  magnet,  and  in  general  tend  tononfe*  ' 
places  of  stronger  to  places  of  weaker  force. 

S.  As  regards  orientation,  a  paramagnetic'  body,  when  wiijiirf* 
between  the  poles  of  a  magnet,  tends  to  set  aruiUy;  that  it  l*4> 
t«nds  to  place  ita  lengtli  along  the  line  joining  the  polca;  wte*** 
diamagnetic  body  tends  to  set  equatorially,  that  is,  h>  fte  * 
length  at  right  angles  to  the  line  joining  the  polea. 


'  Hw  noiD*ne1*tui*  Iwra  «<lo|itnI  wm  jiropinil  b]p  FmmU;  ta  IISO  ( 
uid  i«  omlnimtly  wonh;^  <'  MevjitMbML    Uan;  srllcn,  himmg, 
moffnrtie  in  th<  CKcliitin'  wnte  of  forainigBrtk.     To  b*  omitlMcM,  1h«J 
oUiw  clua  oRiimapiBti^  nM  rfiOsiagnmo.    "nil  — t1  anjialr  ii^lrt  m  b 
faioludr  oU  th*  phenomena  and  tteeu  jpradueod  bj  the  powfr." 
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TK  TEKDEXCT  OP  UNHAONETtZED  nOOIEa 


(i8I 


na  ui 


idwnental  difTpronce  is,  that  a  pivcc  of  bismuth  (or  other 
jk)  Babotance),  wlioii  it  bcooinw  a  Uiinporftiy  nuignct  from 
In  inflocDM  of  Ihe  fivM  in  u-hid)  it  a  placed,  hast  itA  pol&i 
ud  for  en<),  to  those  of  a  piece  of  iron  (or  otiier  parania^'- 
itance)  similarly  placed,  from  this  reveriial  of  the  polec, 
that  the  resultant  force  upon  the  bismuth  is  oppoaite  in 
to  tfa«  resultant  foroo  upon  the  iron;  and  as  the  iron  ih 
n  placm  of  we-jikcr  to  places  of  stron^r  force,  the  bbmutli 
roni  stronger  to  wi-akcr.  Tliiii  a  the  cause  of  the  equatorial 
a  dianiagnetJe  bar  when  suspended  bctwc«n  the  polea  of  a 
It  Ls  merely  a  result  of  the  tendency  of  tho  partidea  to 
vards  into  the  reg;iona  of  weaker  magnetic  action.  In  ii 
kid,  with  parallel  lines  of  force,  the  equatorial  setting 
Bccur. 

p  seUinf;  of  an  iron  bar  between  tJie  polea  of  a  ma^et  it> 
•  to  two  caused,  one  being  the  tendency  of  its  particles  to 
)Uoee  of  stronger  force,  while  the  oOier  cause,  which  we 
proceed  to  explain,  tends 
B  axial  setting  even  in  a 
eld. 

lasoD  of  Setting  Id  a  tJni- 
.— S«ppo*e  a  row  of  iron 
id  axially,  as  in  Fig.  441, 
ween  the  pole§  of  «  tnag- 
:  a  line  of  force  in  uni- 
the  forcv  of  the  RcM 

to  urge  a  norili  (H)le 

>  right,     t^dt  ball  will. 

,    btvoine    a    magnet 

pole  to  the  right,  and 
rhieh  each  baU  expcri- 

neighbours  will  Ik-  in 

ction  as  the  force  of 
Tbo  mutual  itetion  of  the 
ifore,  increaM»  the  induc- 
tUte  6e)d. 

a  row  of  iron  halls  placed  eqtiatorially  in  tlio  samo 
12).    The  north  pole  of  cad)  ball  will  be  attracted  to  tlie 
[south  poles  of  its  neighbours,  and  the  induction  doe  U> 
therefore  be  diniii)ii%hed. 


ooo 


ni  w. 


■//>//-, 


r^  Ml. 


rig  ti*. 


'  no  441-ML  -  aMwa  vk  S*IUi« 
In  tlatfOM  rwid. 
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Bucli  positions  as  ore  shown  at  n  and  «  In  tlia  fi£;i]rort 
and  a  bolow  ihfi  horizontal  line  tbrougb  the  centre. 

In  estimating  the  Corces  which  tend  to  turn  tlie  rov 
whole  when  they  are  rigidly  connected  together,  we  m 
tliat  mutual  actions  between  ditTcrent  parts  of  a  rigi<i 
tend  to  move  thu  body  an  a  whole.  Such  motion 
produced  by  foreui  from  without^  lluit  is,  in  the 
by  tbe  original  force  of  Uic  liuld,  which  urg«a  itort 
left  tu  right,  and  south  polen  from  right  to  laft. 
each  liall  will  constitute  a  coapio  as  shown  by  tho  t 
Hif  figure,  luid  these  couples  teind  to  torn  the  body  : 
p«>nition. 

If  we  Apply  similar  reasoning  to  a  row  of  balls  dl 
ahsU  find  that  mutual  induction  diraimshcii  the  long 
ponent,  iiicrcasea  tho  truDsvcrsc  cotnpunrnt,  and  in 
obliqutt  row,  gives  the  poles  of  eAch  ball  positions 
in  Fig.  444.  TItc  couple  due  to  the  external  fi 
represented  by  the  two  nrrowv  En  tlio  figure,  and 
the  case  of  iron)  to  turn  the  body  into  the  axial 
directive  action  ia.  however,  excemively  foeUa, 
uiiitual  induction  in  bismuth  being  inMnsible  in 
the  external  forces  of  tlto  field. 

693.  Bxporlmental  ArraBfemuit*.    Faraday's  Ap 
i-ci>n\«i'iit»  the  apinratus  cotouonly  einplojx'd    for  «s 
UiU  subjecL    B,  B  are  two  large  ooib  oi  stoat  ooppM 
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The  adion  nf  mn^nt-tiHin  ui>oti  a  soliii  am  lie  <-xa»i{n«I  by  8U8pon<I- 

a  smail  bar  of  it  a  b,  by  ineauD  of  a  apedml  support  KS,  bctwoen 

poles  P.     WHien  a  current  is  pttsaed  throuf^h  ttio  coiki,  tlic  bar 

imeJiateljr  exhibits  a  preference  eitlior  for  the  axial  or  the  cqua- 

poditioa     AttiactJtm  and  repulsion  are  uiost  eaaity  («stMl  by 


r^  M^  -  JknwiMB  Isr  I»u««hUm. 


liag  a  wnall  bail  of  t)iu  stibatancc  at  tli«  level  oC  tbo  oantfa) 

I  of  pol«,  bat  a  little  bcaitle  it,  tlic  |>olee  having  tirnt  beon  broug^lit 

near  together.     Un  pawiing  the  current  through  the  eoil,  th« 

ill  will  move  inwarda  towards  the  line  of  poIeK  if  panunaguetic, 

I  mitwanls  if  diainn^niciic- 

It  is  iiiiportant,  liowovur,  lo  retnark,  that  esperiroents  of  this  kind, 

performed  in  vacuo,  are  merely  differential — they  un-Tcly 

tto  that  thv  suspcndvil  body  is,  in  the  one  cam.-,  moro  pani- 

beiic  iir  1cm  diauiagnrtic;  in  the  otlior  case  more  diaitta^etic 

lata  |«miiiagnokic  tluut  tlie  uioIIuid  in  which  it  movcn,  th<'  coiii- 

lii-ing  uuule  t^tween  equal  volume.     Oxygen  in  panititag- 

.and  nitrogen  is  nearly  or  quite  inditrerent.     Air  !»  accordingly 

aetie,  and  a  body  (iufi|M>iided  in  air  appears  less  paia]na;i:netic 

'*!*,  mm  diaiuagn«tic  tJtan  it  rvally  is.     If  tnoro  feebly  parama^etk 

U  air,  it  will  app«ur  to  l^t  dianiagnutic.     Tlius  IiMted  air,  in 

iMqiuuico  probably  of  ita  rarefaction,  ajjjK-ars  diania^^stic  wbun 

yTDnDdcl  by  oold  air,  and  Utc  Hamc  of  a  taper  ia  repaUod  don-n- 

jih  and  outwards  from  the  axial  littu. 

,011  the  other  hand,  thn  Imdy  aadar  exaaiiiiatiop  is  subtended 
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in  «-atpr.  it  will  wppttix  more  panunagnetic  than  it  really  is, 
reason  of  thi>  diamafpaetiRiD  of  water. 

The  following  metaJa  are  paramagnetic:  iron,  nickel.  eol«lt,  maa- 
guneoe,  chromium,  titanium,  cerium,  {valailium,  plaliiiuin,  OAntnai. 

The   following   axe   diamagnetic:   bismnUi,    aaUmuny,  lead,  tin, 
tnercury,  gold,  silver,  zinc,  copper. 

The  following  HulMtanccH  am  also  <iiama^etic:  water,  aleobol.  ffiiA 
glasH,  phoitiihonm,  .sulphur,  resin,  wax,  sugar,  starch,  wood,  ivoj. 
bocf  (whether  fresh  or  dried),  blood  (whether  frcttb  or  dried),  l«atb*t. 
apple,  broad. 

694.  Uagneto-crystaUic  Action. — The  orieotAtion  of  en-Utah  ia 
a  magnetic  field  presents  some  remarkable  peculiarities,  wlJdi  wm 
©xtrerni'ly  perplexing  to  investigators  until  Tyndall  and  KnobbsA 
disci'vi.n'd  the  principle  on  which  thoy  depend.  This  prindfil*  k 
that  crytitalH  arc  NtutcepLible  of  magnetic  induction  to  different  dtpMi 
in  different  direciiona.  Every  crj'stal  (except  thmt  belonging  lotht 
cubic  Bytitem)  has  either  one  line  or  one  plane  along  h  hich  inditetiiai 
takes  place  more  powerfully  than  in  any  other  direction;  and  it  ■ 
this  line  or  plane  which  tends  to  place  iteelf  axially  or  equatofialtt 
according  as  Uie  cr^'Ktal  ia  patsmngnetic  or  diAniagneti&  The  din^ 
tions  of  nioxt  powerful  and  least  powerful  induction  are  found  to  U 
closely  related  to  the  optic  axes  of  cr^'stalit,  and  alao  to  their  plao** 
of  cleavage.  When  a  sphere  cut  from  a  crysta]  ia  lirought  scar  to 
one  pole  of  a  magnet,  it  is  attracted  or  repelled  (aocordit^  ai  it  >i 
para-  or  dia-magnetic)  with  the  greatest  force  when  the  dJrectioa  W 
most  powerful  induction  coincide)!  with  the  direction  of  tbr  Vtn. 

Directions  of  uner|ual  induction  can  be  produced  artitinaJlr  ia 
non-ciystallino  aubstances  by  applying  presmre,  "  Btsniuth  b  k 
brittle  metal,  and  can  readily  be  reduced  to  a  tine  powdv  in  a 
mortar.  I^t  a  t^A-!<poonfu)  of  the  powdered  met&l  be  wettad  «tfb 
gum-walcr,  kneaded  into  a  paste,  and  made  into  a  litOr  roll,  »y  n 
iiieli  long  and  a  quarter  of  an  inch  across.  Hong  bctwaeB  ll> 
excited  poles,  it  will  set  itself  like  a  little  bar  of  Usmatfa — aqoabriii 
Place  the  roll,  protected  by  bits  of  paatoboard,  witliin  the  jaws  si  a 
vice,  squeeze  it  flat,  and  euspond  the  plate  thos  formed  bvtwNB  tW 
poles.  On  exciting  the  magnet,  the  plate  will  turn,  with  tlie  iBOf; 
of  a  magnetic  subitance,  into  the  axial  position,  though  ila  kafOl 
may  be  ten  timea  lUt  bivadtli. 

"  Pound  a  piece  of  carbonate  of  iron  into  fine  powder,  and  fum 
into  a  roll  in  the  manner  described.    Hung  betw««n  the  eiol>' 
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poles,  it  will  stand  as  an  ordinary  [parajmagnetic  substance — axial. 
Sqaeeze  it  in  the  vice,  and  suspend  it  edgeways,  its  position  will  be 
immediately  reversed.  On  the  development  of  the  magnetic  force, 
the  plate  thus  formed  will  recoil  from  the  poles,  as  if  vioUntly 
rtpelUd,  and  take  up  the  equatorial  position."' 

In  these  experiments  the  direction  of  moat  powerful  induction  is 
•  line  transverse  to  the  thickness,  and  this  is  also  the  direction  in 
which  pressure  has  been  applied,  l^dall  accordingly  concludes 
that  "  if  the  arrangement  of  the  component  particles  of  any  body  be 
mch  as  to  present  different  degrees  of  proximity  in  different  direc- 
tions, then  the  line  of  closest  proximity,  other  circumstances  being 
•qnal,  will  be  that  chosen  by  the  respective  forces  for  the  exhibition 
of  their  ^eatest  energy.  If  the  mass  be  [para.]magnetic,  this  tine 
will  stand  axial;  if  diamagnetic,  equatorial."' 

'TjodiD  on  Diama^Mtum.  p.  IP.  *  [bid.  v.  31, 
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696.  Voltaic  Electricity.— Towards  Ute  cl<»e  of  laat  eeohiry, ' 
tbfl  discovery  of  th«  various  phenomena  of  frietional  e1«clrialf  bJ 
been  followed  by  CoiUomb's  invntigstions,  which  Sist  redoovt  iIhb 
to  an  accurate  tbt-orj',  a  new  Instrument  waa  bron^t  to  i^ 
destined  to  effect  a  complete  revulutioo  in  eU-ctrical  adBBM  b 
plftoe  of  on  element  difficult  to  aianago,  e^iricious  and  < 
its  behaviour,  and  constantly  bafBing  inveatigation  by  tbe  : 
of  its  dissipation,  the  galvanic  battery  fumialu'd  m  Ktvady  ■ 
electricity,  constantly  available  in  all  weatheiB,  and  teqiun)(j 
special  [precautions  to  prevent  ilo  tscapc.  Mureover,  tlMi 
thua  developed  exhibited  an  entirely  new  nut  of  pbeaooMAi 
opened  up  thv  wny  to  such  various  and  important  applieatioMl 
frietional  electricity  at  once  fell  into  the  aeoond  place,  aod  Iki 
agent  became  the  main  object  of  interest  witli  all  eloctrical : 
tigatore. 

696.  Qalvanic  Element. — If  two  plates,  one  of  xioc  and  thtt 
of  copper  (Fig,  +40),  ar«  immcnsmd  in  water  acidulated  by  ibn 
tion  of  itulphtiric  nciil,  and  arc  not  allow«-d  to  touch  eoicli  ottwri 
t3ie  acid,  but  are  connected  outside  it,  either  by  direct  oootoAi 
a  metallic  wire  M  and  binding  screws,  a-t  in  the  tigure,  a  RSlii 
current  of  electricity  flovra  round  the  circuit  thus  fotned,  tb«< 
tioQ  of  the  pOKitive  current  being  from  copper  to  zinc  in  tba  { 
external  to  the  liquid,  and  from  idnc  to  copper  tUraogh  lb*  I 
Chemical  action  at  the  same  time  takes  place,  the  aat 
gradually  diitsolved  by  the  acid,  and  hydrogen  being  g^fM 
the  oopper  plate. 

If,  instead  of   cmplo^Hng   two  metab  and  a   liquid,  w« 
circuit  with  any  number  of  metals  altme,  no  current  will  b*  i 
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provided  tl»i  the  whole  circuit  Iw  kvpt  at  one  t4>nipcnture. 
bowev«r.  Home  of  the  junctioru  bo  kept  hot  ajid  oth<ts  cold,  • 
|iBt  will  in  general  be  produced 

|m  principle  which  uoderliv  these  pheaomena  appvar  to  be  as 
►wa:— 

|),  Wtittn  two  disjiimil&r  sub»tanec«  totich  cndt  otlii-r,  tlicy  have 
wcaetly  the  utn«  [Kitentin)  at  tht;  jioint  of  contact.  For  inatance, 
m  dnc  is  in  contact  with  copper,  it  Li  at  higher  potonUal  lluui 
[copper. 

I).  The  difference  is  in  general  greater  for  two  tnetaU  Uiaii  for  a 
p]  and  a  non-metai  or  two  nun-inetaU. 

k).  The  dtflerence  depend;*  not  only  on  the  nature  of  the  two 
planeoa,  hot  alao  on  their  t«mpenUnrcj4. 

.  The  diflereooe  of  i>(>U!ntial»  Iwtwcen  two  metals  is  the  same 
they  are  in  direct  contact  as  wlien  tlioy  are  connectvd  hy  otie 

tore  inter\'ening  metals;  all  the  metals  Wing  i>till  ^upiHued  to  be 

le  same  temperature. 

).  When  two  metals  are  connoctod  by  a  conducting  lii)uid  which 
•plible  of  deooni]>OEsition,  thi-ir  diiruruiice  of  potential  is  much 

Inr  than  wlim  they  are  in  direct 


Tliiu.  if  tlie  eonnecting 
M  (l^g.  44R)  bi>  of  co])|>cr,  oiiil 
brralc  Ha  ooonection  with  the 
ttr  plate,  the  difierence  of  po- 

betweoa  the  two  platca  will 

than  the  diffenioeo  between 
tine  plate  and  the  copper  win*. 
BiK  plate  is  poAitJ%'e  with  re- 
to  tJie  copper  wire;  henoe 
tof^r  p!afe  i*  positive  with  rv- 
t  to  tliu  cjpper  wire.  On  coin- 
Bg  the  circuit,  piMittve  elec- 
y  Koeordingly  flows  from  Die 

phttJi  into  the  copper  wira.  An  the  differenoe  ot  potentials 
le  junction  of  the  dissimilar  metals  is  permanent,  the  current 
niiamntly  niaintainc<l.  Cliviuical  comtunation  at  the  same  time 
en;  atkd  the  {wtcnlial  energy  of  chemical  affinity  wUidi  thus 
down,  is  the  nonroe  of  the  energy  of  tlw  eurront 
rery  oJcctric  curnmt  may  bo  regarded  aa  a  6uw  uf  pixutive  eleo- 
y  in  one  direction,  and  uf  negative  electricity  in  the  oppoaito 
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dirGctioo.    The  direction  in  which  the  potuttvo  elcctrid^ ' 
always  spokon  of  hr  ttii;  direction  of  tA«  tmrr^it. 

697.  Oalvanic  Battery. — By  connecting  the  plabif  of  aiioec 
eleiiientfi  in  the  manner  repr<«eiited  iii  Fig.  447,  we  obtain  a  bal 
The  coppei'  of  the  first  cell  on  the  left  hanil  h  cout»«ct«d 


tig.  MT,  -Bctttrr  *t  font  ntDwnta. 


sane  of  th«  seoond;  th«  copp«r  of  Uie  Hcound  with  the  our  of 
third;  and  ho  on  to  the  end  of  the  Hcrtes. 

If  two  wires  of  the  aame  metal  be  ooaimctod,on«  with  the  finll 
and  the  otlier  with  tlie  last  copper,  Uie  dilt«ivnoe  u(  pctenliill 
tweoa  thuee  wires  is  iDdepeiident  of  the  particular  metal  d  ■! 
tliey  are  composed,  and  is  called  the  eUciro-fm4ive  fortt  rf 
battery.  Ha  amount  can  bo  nicaaured  by  means  of  Tbu(iiMa'i|l 
rant  electrometer;  and  in  applying  tliis  test,  it  is  oi't  miiiMaiji 
the  wires  which  connect  the  Inttvry  with  tlm  electrwiii-tor  it 
be  of  the  same  metal;  for,  whatever  uietals  Iht^n  wire*  utay  btM 
pueod  of,  the  quadrants  of  the  electrometer  will  (by  Uw  tt)itl 
atuuiQU  the  tuuiie  putt-ntials  as  if  in  direct  contact  with  th*j 
the  bnttvry. 

The  Kinc  of  the  fir»t  and  the  copper  of  tho  last  celt  (or  < 
cceding  from  them)  are  called  tlie  eUelroiU»  or  poles  of  llwl 
the  zinc  being  the  negative  and  Uio  copper  the  posiUn  i 
The  current  flows  through  the  connecting  wini  from  tha  | 
the  negative  electrode,  and  is  forced  through  tho  batt«nr  fiMJ 
negative  to  the  positive, 

698.  Qalvani's  DiKoreries.— About  the  year  1780,  Galvani] 
of  anatomy  at  Hologna,  had  his  attention  called  to  tba  i 
thatwme  recently  nkinned  froga,  lying  on  a  table  tu 
machine,  moved  as  if  alive,  on  sparks  being  drawu  frocu  tb*  I 


tt)iH 
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ith  Um  tpparent  coanecUoo  thus  manifesUid  between  eleo- 
id  vital  action,  he  oommenced  a  series  of  experiments  on  the 
electricitir  upon  the  animal  t^bem.  In  tlie  course  oC  thciM) 
nis,  it  so  liA[>pi':tiu(l 
one  oocatuon,  Hcwral 
pi  were  liung  on  an 
My  hy  iiieaiia  of  cop- 
I  wliic:h  were  in  con- 
I  the  lombar  ocrvee, 
e^  of  some  of  tliviu 
lerved  to  move  con- 
Ho  succeeded  ia 
;  a  repeUtion  of  these 
Its  hj  placing  one  of 
I  on  a  plate  of  iron, 
letiiiig  tlio  luDiWr 
ith  one  end  of  a  co|>- 
I,  the  oth«r  end  of 
IS  to  coiitiict  with  the 
«.     Anotlier  mode  of 

{  the  result  is  represented  in  Fig.  44S,  two  wires  of  ditler- 
ds  being  empIoyL'd  which  touch  each  otlior  at  one  cml, 
sir  otbar  ends  toudi  rc«poctivuly  the  lumbar  iicrvwi  and  the 
iVMlsa.  Every  time  tho  contact  itt  completed,  tJie  limb  is 
d. 

si's  explanation  was,  that  at  the  junction  of  the  nerree  and 
there  is  a  separation  of  the  two  electricities,  the  nerve  being 
f,  and  the  musdo  negatively  electrilied,  and  that  the  con- 
Bovements  are  due  to  the  establishment  of  communication 
these  two  electricities  by  means  of  the  connecting  metals. 
professor  of  physics  at  Pavia,  cU^roved  tlilt  explanation  by 
that  the  movements  could  be  produced  by  merely  conneot- 
parts  of  a  muscle  by  means  of  an  arc  of  two  metals;  and  he 
the  source  of  electricity  not  to  the  junction  of  oervo  and 
mt  to  the  junction  of  the  two  mi-tala.  Acting  oo  this  belief, 
njcttv]  in  tho  yi-ar  IHOO  a  voltaic  pile. 
Dltaie  Pile.— I'his  consisted  of  a  series  of  discs  of  copper,  zinc, 
elotb,  c,  e,  d.  Fig.  449,  arranged  in  uniform  order,  thus — 
inc.  cloth,  copper,  zinc,  cloth  .  .  .  tlie  lowest  plat«  of  all 
pper  and  the  highest  zinc.     The  wot  cloth  was  intemlud 
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tattet  (erowQ  of  cuim),  coiiMsLing  of  a  Heries  of  eupi 
tnged  in  •  cirelo.  cacti  containing  Milt  water  with  a  p1at«  of  silver 
IDpper  and  a  plate  of  zinc  immersed  in  it,  the  silver  or  copper  of 
k  cup  beiiig  coimGct«()  with  the  zinc  of  the  ntixt,  witli  the  excep- 
I  of  the  extreme  plat«s.  The  laM.  plate  in  liquid  at  each  end  ot 
■eries  waa  connected  with  a  plate  of  the  other  metal  in  air. 
ie  two  {datea  in  air  are  now  known  to  ho  uselcits,  and  arc  omitted 
be  figure. 
Pl.  TToaj:b  Battery. — More  convenient  amuigfrnivjitit,  c()uivalent 


eouronnc  de  tassen,  were  Mwn  introduced.    One  of  these, 
hy  Cniickxhank,  is  repreunted  in  Fig.  452,  coaEi^ting  of  a 
lar  box,  called  a  tixmgh, 
.ml  wood,  which  is  a  non- 
liKtoT  of  electricity,  divided 
iparttnento  bjr  portitioDS 
iog  of  a  plate  of  zinc 
plah)  of  cup[K'r  »oI<)cn-'J 
Dilute  add  is  poured 
ODtn[)arttii>-nU. 
Wolluto&'s  Batterr. — In 
id'h  l>att«ry,  the  plates 
.p^Mtuded  fmm  a  single 
har,    hy    miiins   of 
tiiey  could  all  be  let  down 
acid,  or  lifted  out  of  it 
The  li<]uid  was  con- 
atther  in  oonpaiimcnta 
trough  of  glasod  earthen- 

;  witli  partiUoDs  of  the  same  material,  or  in  separate  Teasels  a« 
B  in  Fig.  ioi.    The  plates  were  doublc-ooppered;  that  is  to  saj. 
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they  coniust«il  of  a  ziuc  plate  with  a  copp«r  piste  bent 


ISW 


fit  tU.— WnlluluB'i  Uiltenl 


both  aides  (Fig.  458),  oontMt  between  them  being  prei 

piecea  of  wood  or  oorlc. 
703.  Hare's  Defla^^tor. — For  mme  purpoaes  it  ia  mora  iiqaili 

to  diminish  the  reststancc  of  a  cell,  or,  in  other  worda;  to  EaA 

tliu  wuducLiuu  of  flcctricity  Wtwut-n  ttiu  Tine  luld  tho  eoffttfl 

than  to  hicnme  Ikd 
tro-motive  fum  WmI 
plying  oolls.  TbthI 
ftiTangentont  inwi 
Uaroof  PhiUdel|iM(l 
455)  is  speddly  i^ 
tosudi  purpom.  1i» 
sist«  of  two  vvj  b 
plolM  of  line  actJ  9H 
rolk**!  (iponaeeotnl<jl 
der  of  wood.aBd] 
ed  from  tooeUif^ 
other  bypicevofl 
twine  tnacrtad 
ih«m.  It  b 
a  tub  of  adilv 

U  r^nsented  in  the  figure.     From  the  rtttnarkably 

log  effects  wliich  can  be  obtained  by  the  use  of  thU  cell,  it 

Hare's  tlefiagrator. 
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PeUrisatlon  of  PUt«s. — All  the  forcos  of  battery  vliich  we 
t  UittS  far  deecribed,  are  liable  to  a  rapid  decrease  of  power,  owing 
kuses  which  are  partly  chomic&l  and  partly  floctrical. 
he  chemical  action  which  titki-s  pWo  in  vach  cull  confieto 
larily  in  the  formatiou  of  ^ulphtttu  of  ziuo,  at  the  expciuc  of  tho 
pUU«,  the  sulphuric  acid,  and  the  oxygen  of  the  water  with 
ih  the  acid  ts  dilutvil,  the  hydrogen  of  tlic  water  being  thus 
ikt«d.  As  tliis  action  proceeds,  the  liquid  becomes  continually 
bapabte  of  acting  powerfully  on  the  nn&  Again,  a  portion  of 
jpnc  which  Itaa  been  dissolved  becomes  deposited  on  tbo  copper 
fe,  thus  tending  to  make  Uie  two  plates  alike,  and  so  to  destroy 
leitrrt-nt,  which  uetrvntially  depends  on  the  difleronco  between 


Bi  ihfl  moat  important  cause  of  all  i»  to  be  found  in  what  is  called 
iTig{Uion  of  the  copper  plate ;  Uiat  U  to  nay,  in  tlie  depcaJtion 
tUn  of  hydrogen  on  the  surface  of  the  plate.  ThU  film  not  only 
roaifitance  by  its  defect  of  conductivity,  but  also  brings  to 
[aa  alaotro-motivfi  force  in  llio  direction  opposed  to  that  of  the 
It 

obataelea    to 
Jat«DAnco  of  a  ^^  *  ^  "*" 

at  current  were 
overcome      by 

OaaieU'e   Bat- 
In  Uiu  cell   d«H 

by  Daniull,  tJioru 
lorous  partition  of 
Had  earthenware, 
lUog  the  two  It- 
twluoharvincon- 
HM  with  tli«  xine, 
baoUiur  with  the 
r   plat«.     These 

liquids  are  not 
laly    alike,    that 

I    ia    in    contact 

tbo  copper  being  not  simply  dilute  sulphuric  actd  like  the 
',  but  ooataining  also  as  mucli  sulphate  of  cop[M!r  as  it  will 
Opi    For  the  purpose  of  keeping  it  saturated,  crystala  of  aul- 


n*.  tM-iiuJdi-i  ctti 


^oceSpylng  trie  Tntanor,  writn  it>e  enwMW  or  ■wpuie'i 
up  round  it.  The  eutire  cyliudcr  surroanding  Um| 
partition,  oatsido  of  which  is  the  cleft  cylinder  of  fl 
being  contained  in  &  vessel  of  glass. 

It  is  more  u-tual  in  this  ooimtiy  to  di8p<.>Dae  nitl^ 
and  interchange  the  plac«fl  of  the  nnc  ftnd  copi>cr  fl 
copper  plate  being  a  cylindrical  veanel  of  c^iper  t 
saturated  solution.  In  this  is  immemed  tlie  {mtori  vei 
the  other  fluid  with  the  zinc  plate  iromersed  in  it.    ' 
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to  Dmitill'!!,  containing    al>\mg  nitric   aeid.  in 
imBned  a  rectangular  i>rUm,  of  a  vory  dvose  kind  of 
1,  obtained  from  the  interior  of  tho  rutoit^  at  jjiu-woriui,  Iwing 
tl>«r«  in  the  manufacture  of  ^-xn. 


Hf.  ii^—Baammt  MlbUT, 


1  tkii  ocLl  tJie  faydrogeti  is  iDt«rceptiKl  on  it«  wny  U>  tlie  mrbou 
I  by  the  nitric  acid,  with  vliich  it  fomw  nitrotu*  odd. 

re's  battery  pcescsace  some  advantages  over  Buniteii's;  but  Us 

.  eoet  is  much  i(rcut«r. 

7.  Amolgusated  Zinc. — Whon  the  polea  of  a  luttery  aru  insulatod 

ono  aootlior,  tlic-m  our*li(  to  bo  no  cbeiuical  action  in  tlie  cells. 

■cti<m  whicli  tltcn  gu(.:«on  h  wiuti^f ul,  and  is  an  indication  that 

luctivfl  conitutnption  of  zinc  gov*  on  wbvQ  thfl  currxint  is  pasB' 

,  in  addition  tu  thv  consumption  vrhich  w  itocctsary  for  ptxxlucing 

I  eumnt.     This  wasteful  action,  M'liich  Ls  called  UkcU  action,  goes* 

ilM);cly  when  the  zinc  plates  are  of  ordinary  comiiierci&l  zinc,  but 

whea  tbcy  are  of  perfectly  pure  ^nc     In  this  respect  amal- 

nnc  boliavut  lik«  puro  zinc,  and  it  ia  accordingly  aluiust 

rvnolly  nnployed.    Th«  amalgatuation,  which  lowtt  bo  often 

CW«<1  in  tho  case  of  a  Iiatt4>ry  in  constant  um>,  is  performed  by 
rii'aiuTig  the  zinc  plates  witli  dilute  odd,  and  then  rubbing  theiu 
If^lh  meniury. 
708.  Dry  Pile:  Bohnenberger's  Eleetroflcope. — For  telegraphic  pur- 
in  tliis  country,  a  battery  is  very  commonly  employed  in  wliieli 
i  or  uwdusi,  moistened  witli  acidulated  watvr,  sc|>arntefl  tlio  ziuv 
jiptir  platf-s  of  OAcb  ci-ll. 

lotbur  foruw  of  batU-ry  which  liave  been  deviaed  arc  excised- 
knnmiiryf.  and  new  forms  ar«  continually  bein;;  intruducod. 


exceedingly  BmaJl  No  pUe  or  battery  con  generate 
rent,  except  by  a  aenatble  conav/mption  of  it8  maUru. 
of  chemical  action. 

A  very  delicate  gold-leaf  electroscope  was  dcvist 
berger,  coiisisting  of  a  single  leaf  suspended  betweei 
of  a  dry  pile,  which  for  this  purpose  is  arranged  i 
connected  below,  so  that  the  poles  are  at  the  summitB. 
ends,  which  form  the  middle  of  the  series,  be  ocmni 
earth,  one  pole  will  always  have  positive,  and  ih% 
potential.  A  very  slight  charge,  positive  or  n^^v 
gold-leaf  by  means  of  the  knob  at  the  top  of  the  case,  i 
it  move  to  tlie  negaUve  or  the  positive  pol& 


DStrit«iJ'«  Experiment. — Tho  discovery  by  the  Danish  philc^• 
!Er»t«(l,  in  IblO,  tltat  a  tiiiigiiotizcd  necdlf  could  be  deflected 
loctric  current,  wiu  justly  regarded  with  int4.-nae  interest  by 
atific  world,  &»  afTording  tlie  first  indication  of  a  dclinit«  rvla- 
■ting  between  magnetism  and  electricity. 
id's  experiment  can  be  repeated  by  means  of  the  apporatuii 
itcd  in  Fip.  4.59.  Two  insulated  metallic  wires  are  placed 
lajpclic  m<.^ndian,  one  of  them  above,  and  the  other  below  a 

magnetized  needle  If  a 
current  be  sent  through 
one  of  thc«o  wires,  tlie 
needle  will  be  deflected; 
and  if  the  current  be 
strong,  the  deflection  will 
nmrly  amount  to  a  ri^t 
angle.  The  direction  of 
the  deflection  will  be  re- 
versed if  the  current  be 
passed  through  the  lower 
of  the  upper  wire.  It  will  also  bo  reversed  by  reversing  the 
0  of  tho  current  In  the  Hgure.  tho  current  is  suppostd  to 
ing  abovo  tho  needle  from  sooth  to  nnrtli.  In  this  cooo  tlio 
ad  of  the  needle  moves  to  the  west,  and  the  Houth  end  to  the 
On  making  the  current  pass  in  variowi  directions,  either 
tally,  vertically,  or  obliquely,  near  one  pole  of  the  needle,  it 
found  that  deviation  is  always  produced  except  when  the 
utaining  tho  pole  and  current  Is  poipcndicuhir  to  Uie  length 
letdle. 
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710.  Ampere's  Rale.— The  direction  in  vrliich  cith«rpol«cf  tneadi 
is  deflccto^l  hy  II  current,  whatever  tbeu-  rcUtive  poKitioiu  tuy  k 
is  giv«n  by  th«  fuUuwiii^  rule,  wbidi  wns  first  laid  domt  by  Aajiht. 


rig  MB. 
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luuigine  an  gbeerver  to  be  so  plsccd  that  the  current  ] 
him,  enUriny  at  kis/e«t  and  leaving  at  bia  head,  then  Uw  dc&cte 
of  a  iiortk-teeHng  pole  will  bo  (<>  Aw  Ir/l.  The  deflectiun  at  a  ««*■ 
seeking  jiole  will  be  in  thv  upposiu:  dircctioa  Tbt.-  two  6ganBMl| 
4G1  illustrate  the  ap])licatioii  of  thix  rule  to  thv  two  oum  joCMii 
aidered.  The  current  is  suppoiied,  in  both  canes,  to  bo  Bowiif  tim 
south  to  north.  A  is  Uie  austral  or  norUi^^coldng  pol«  of  th*  b«A 
aod  6  the  bori-al  or  soutJi-seeking  pole. 

711.  Linos  of  Magnetic  Force  dae  to  Current — The  rvlatioo  betwta 
cuzTOnU  and  magnetic  £orcos  may  bo  more 
pTMiaely  oxprenod  by  saying  that  a  cur- 
rent flowing  through  a  atiaight  wire  pro- 
duces circular  lines  of  force,  having  the 
wire  for  their  common  axis.  A  pole  of  a 
magnet  placed  aoywhero  in  the  noighbotuv 
hood  of  the  wire,  experiences  a  force  tond- 
ing  to  urge  it  in  a  cirouhLr  juith  round  the 
wire, and  thodircction  of  motion  round  the 
wire  is  opposite  for  opposite  pole».  Fig. 
462  represento  three  of  the  lines  of  forca 
Cor  a  norUi-eeeking  pole,  due  to  a  curreol 
flowing  throu^  a  straight  wire  from  tha 
ond  markbd  +  to  the  cud  marked  ~.  The 
linos  of  force  arc  circles  (sltowa  in  petqtM' 
tivo  as  ellipetui),  having  tlieir  centre  at  a 
point  C  in  the  wire,  and  having  their  plane  pevpeafiodtfl 
length  of  the  wire.    The  arrows  indimte  the  directiuo  ti 
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ing  i>ot«  will  be  urgwL  ThU  direction  la  from  ri;;lit  to 
band  tliti  wtro  ta  seen  from  Uie  wire  itself  by  n  ponon  with  hin 
towarda  +  and  bin  Itead  towards  - .  according  to  Ampbro's  rul& 
flgwe  may  be  turned  upside  down,  or  into  any  other  poaltion. 
■rill  still  rvmain  true. 

t.  B«aetioa  of  Mag-net  on  Curreot.— Wliilo  the  wire,  in  virtue 
W  cunx-itt  (lowing  up  tbrou<^li  it,  urges  an  austral  polo  from  A 
towarcb  A'  (tig.  403),  it  is  itself  ur^ed  in 
Uie  Of^Muite  diraetion  C  C  If  an  obeorrar 
be  in  imagination  idi3nti(i<.>d  with  th«  wire, 
tlie  current  being  suppoded,  as  iu  Ampkni'ii 
rul«,  to  ent«r  »t  bis  foot,  and  ooinc  otit  at 
bis  bcafl.  the  forc4  whidi  be  will  i'X]H<ri- 
cnoo  from  a  nori)>>seeking  [k>1«  directly  in 
front  of  biui  will  be  a  force  to  bis  riglit. 
It  will  be  noted  tbat  tbo  magnetic  influ- 
ence which  thus  urgoa  him  to  the  right, 
would  urge  a  north-Moking  pole  from  hix 
front  to  bis  bock.  A  conductor  convtying 
a  etm^cnt  ia  not  uvyed  aloiuf  liTue  o/moff- 

h+  ne4ic  fiyrct,  h\iX  in  a  dtrwtwn  uAtcA  w  oi 

•^^UJ"*  ••         WflAl  anj/fw  U>  (A«n,  and  at  tA«  w»m  time 
at  right  an-jtrs  to  its  own  UngtJi. 
i.  Hamerlea]  Estimate  of  Cnrreots. — Hio  numerical  moMura  of 
{rent  denotes  tlie  quanUty  of  electricity  which  llowa  acrciM  • 
p  of  it  in  unit  time.    It  ia sometimea called  slfcn^tkcS  current, 
\imea.  especially  by  French  writerB,  tnlenat/jr  of  current,  some- 
j  ahnply  current  or  amount  of  current.     If  a  thin  and  a  thick 
m  Joined  sod  to  end,  it  Itas  the  sama  value  for  them  both ;  ju»t 
MBU  quaotity  of  water  (lows  tJirough  the  broad  as  through 
atracbed  porta  of  the  bed  of  a  stream.    Hence  the  name  inten- 
I  obviously  inaiipropriato,  fur,  with  the  same  total  quantity  of 
Sowing  through  both,  the  cummt  is,  propwrly  speaking, 

to  tliii  tUn  than  in  the  tliick  wire. 
nay  be  measured  expvrimentally  by  various  testa,  wbiclt 
to  agree  prectaely.  The  niosi  coavenieot  of  theno  for 
purpoeea  is  the  deflection  of  a  magttetizcd  needle,  The  force 
a  (pv«n  polo  experienoos  in  a  given  podtion  with  roapoci  to 
oonveyiug  a  current,  ta  simply  proportional  to  the  current. 
|be  nauto  etremjth  of  current  adniite  of  being  interpreted  in  a 
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souse  corresponding  to  that  in  wbicb  we  npeak  of  the  : 
pole.     Inatnimenta  £or  mcafiuring  currents  hy  me&an  tit 
tiona  wbicl)  they  produce  in  s  magnotizod  needio  are  called  ^ibi 
ineiera. 

714.  Sino  Qalvanometer, 
— The  nine  galvanometer, 
wliidi  waa  invented  by 
rouiUet,  is  represented  in 
Fig.  464.  The  current  which 
is  to  be  mcaaured  travetsee 
a  copper  wire,  wrapped 
round  with  silk  for  insula* 
tion,  which  is  carried  either 
once  or  several  times  round 
a  vertical  circle;  and  this 
circle  can  bg  turned  into 
any  position  in  azimuth, 
tlie  amount  of  turning  be- 
ing indicated  on  a  horizon- 
tal  circle.  In  the  centre  of 
the  vertical  circle,  a  decli- 
nation needle  ia  mounted, 
Hurroundod  by  a  iDruontol 
circle  for  indicating  iUs 
position,  this  circle  being 
rigidly  att&clicd  to  the  vor- 

Ucal  circle.  Suppose  that,  before  the  current  is  allowed  ' 
the  needle  and  the  vortical  circlo  are  in  the  magnetic 
Uiat  the  ncc-dlc  consequently  points  at  zero  on  its  boriaonk 
On  the  current  passing,  the  needle  will  more  awaj.  Tbe  i«t 
circle  niwit  then  be  turned  until  it  overtake)  tlm  ocvllr;  tU 
until  tbe  needle  again  points  at  i-ora  Thia  iuptioa  taraii| 
circles  through  an  angle  a  equal  to  that  by  which  the  ondk  fa 
deviates  from  tbe  magnetic  meridian.  In  thi«  position  tha  tmitl 
couple  tending  to  bring  back  the  needle  to  the  meridian  ii  ft 
tioiial  to  sm  a  (§  679).  The  foicos  exerted  upon  the  Ivo  |«fat 
tt>e  current  are  pi;rpcndicular  to  the  plane  of  tlie  rnrttcal  atikt 
are  simply  proportional  (u  tbe  current.  Hence,  in  oonipaiias^N 
observations  made  with  tlie  same  instrument,  Uie  ■ntffni*'al1 
are  proportional  to  the  sines  of  the  deviationa. 
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g«Bt  Galranometer. — The  tangent  galvaDotneter,  wbidi  » 
in  iu  confitniction  and  use,  and  is  much  more  fre^juently 
d.  oonfiisto  of  a  decimation  iiutdlo  mouiitud  in  Uie  centre  of 
ll  cirds  whoKC  plan«  always  coincides  with  tlio  magnetic 
I,  tht  l«ngth  of  th«  needle  being  stnall  in  oomparinon  witli 

the  radiiu  of  Ui«  circle. 
—  Let  o  (Fig.  465)  be  the  centre  of  ntispen- 

m  sion,  a  h  the  initial  position  of  the  needle, 

P  J^.  and  a'b'  its  deflcctod  position.    The  force  F 

3k        /  oxrrted  on  cither  polo  by  the  current  is  »en- 

^,  — ■  j     iiibly  the  mnie  at  a'  as  at  a  on  ncoount  of 
th«  BroallncM  of  the  needle,  and  it  actA  in 
the  direction  Ik,  while  the  horizontal  force 
of  the  eartli  upon  the  polo  acts  along  a!m; 
and  tlicBo  two  forocn  give  a  resultant  along 
oa'.    HoDco,  taking  the  trianj^lo  ol<i  nslho 
of    forces,  the  force  exerted  by  the  current  is  to  the 
ftl  force  exerted  by  the  earth  as  ^  a'  to  o  ^  or  aa  tan  n  to 
tiBt  is,  the  current  is  proportional  to  the  tangent  of  the 

IL 

\n  to  pennit  the  deviation  of  the  aliort  nectllA  to  be  accu- 
ad,  a  long  point4.^r  \»  attached  to  it,  usually  at  right  anglui. 
ends  of  which  move  along  a  llxf^l  horixontal  circle 

;er. — llio  idea  of  carrying  a  wire  several  times  round 
a  needle  in  a  vertical  plane  is  due  to 
Schwvigcr,  The  form  of  apparatus  de- 
sii'iR'd  t>y  him,  calli^l  Schweigvt'B  mul- 
(  ,  '■  -  ■,  i;*  n.'prr«cnted  in  Fig.  406.  The 
niLiiie  iniiHiplifr  \s  dcrivod  from  the 
fact  that,  if  the  current  la  not  sonmbly 
diminished  by  increasing  the  number  of 
convolutions  uf  wire  through  which  it 
baa  to  pass,  tho  force  exerted  on  the 
needle  is  n  times  as  gr«at  with  n  oonvo* 
luUons  ns  with  nnly  I,  since  eodt  eon- 
exerls  its  own  forcv  on  tho  needle  indei>endent  of  the  rent. 
werer,  frequently  occur  in  which  the  increased  rtmManec 
bA  by  incn^nsing  tho  namber  of  convolutions  outweiglis  tho 
{«  of  uiulltplication,  so  that  a  short  thick  wire  with  few 
[ODB  gives  a  nwre  powerful  effect  than  a  long  thin  wire 
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with  many.    This  ia  c«peclaUy  the  case  with 

The  tlifiereoco  between  the  rectangukr  oiid  tho  circular  i 
Tnercly  a  matter  of  dotoil.  AVhicbever  form  be  a«Ioptfld.  aU  p 
llio  cuil  contribute  to  make  the  ncetUe  deviate  in 
ttoQ.  For  instance,  in  Fig.  -Ki,  if  th« 
oiirrent  proceeds  in  the  direcliou  imii- 
cated  by  the  arrows,  Uie  application  of 
.-Vmpfere'fi  rule  to  any  one  of  the  four 
iiidOB  of  the  rcctJtnijIo  shows  tliat  the 
atistra]  pole  a  will  l>o  urpMl  towards 
the  front  of  tlie  figure.  When  Uie  coil 
in  circular,  and  the  needle  so  Rmall  that 
each  pole  ia  nearly  in  the  centre,  equal  lengths  of  the 
whatever  parts  of  the  circle  thoy  may  be  situated,  exert  «q«l  h 
upon  the  noodle,  aiid  all  alike  urge  the  poles  in  dinctioot  p(({l 
color  to  tli«  plane  of  Uio  o^il. 

717.  Differential  Oalvaoometer. — The  coil  of  a  galvmnocatlir  N 
times  oonfliatfl  of  two  distinct  n-ires,  having  the  auM  ooahl 
convolutions,  and  connected  with  separate  binding  scmi.  1 
arrangement  allows  of  cumintfi  itvm  two  distinci  soamee  taJlf  I 
at  the  same  time  round  the  coil  cither  ia  tlie  aatu  or  b  tff 
diroctious.  In  tlic  latter  caae,  the  reatiltaot  effect  opoo  th*  M 
will  be  that  due  to  the  ditfereuoe  of  the  two  cuirenta;  aad  H  i 
are  not  exactly  eqaal,  the  direction  of  the  deflection  will  iafl 
which  of  them  is  thi<  greater.  An  inslrunivnt  thus  anangrd  iid 
a  differential  galvaniimfter. 

718.  Astatic  Needle. — Theacnsibilityof  tbugalvsnonuMrityV 
increased  by  employing  what  is  called  an  astatic  noodle.  Il  aM 
td  ft  eotnbination  of  two  magnotiied  oeedlea  leilh  (Aat  poUt  tor 
oppDaite  wayn.  The  two  needlce  are  rigidly  -t^^T^11t^  al  diAl 
heights  to  a  vertical  atom,  and  the  ayateu)  is  ttBually  mspoMl 
«ilk  Sbro,  which  gives  greater  freedom  of  motitin  than  oopfVll 
a  point.  On  aocoant  of  the  oppoitition  of  the  poles,  th«  <fiM 
action  of  the  earth  on  the  system  is  very  fe«bl«.  If  tbs  mf) 
momenta  of  the  two  needles  were  exactly  eqoaJ.  Uie  nsoHaBlM 
would  be  zero,  and  the  system  would  reroaio  indiflMUlly  1 
aziinutliB, 

One  of  the  needles  a  6  (Fig.  iG8)  is  nearly  in  the  omtm  ^  d 
CDEF  ttirough  which  tlte  current  paasea.     Tlie  other  a'V  i 
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be  eoU.  VThen  a  current  tmvoises  th«  coil  !n  Ute  dlre«tion 
e  srrows,  the  action  of  all  parta  of  the  current  upon  the  lower 
I4  tends  to  urge  the  austral  pole  a  towards  tlie  hock  c^  the 
^^    .  figure,  and   the   boreal  pule  b  to  the   front. 

^B    I  The  uppi-r  ncc<llu  a'b'  i»  atTecU-'d  prineipaUy 

^^aJL^^^i     by  ihi;  current  in  the  upper  part  Cl>  of  th« 
^      [1  I    oil,  which  ur}{«a  the  austral  pole  «'  to  the 

. li^ J-    L    front  of  the  %ure,  and  the  boreal  pole  6'  to 

^_    the  bock.    Both  needles  are  thus  urged  to 

rotate  in  the  same  direction  by  the  current. 
and  as  the  opposing  action  of  the  cartli  i» 
tly  enfeebled  by  the  combination,  a  much  larger  deflection  is 
ined  than  would  be  given  by  one  of  tlie  noedlee  if  employed 
I. 

the  two  ncedlce  hod  rigurouttly  equal  nioineDts,  tliu  xyBtcm  would 

lie  said  to  be  perfeeUg 
tiittatu-^  The  (unallest 
current  in  tJie  coil  would 
then  suffice  to  set  tlie 
needles  at  right  angles  to 
the  meridian,  and  do 
UMMUUK  would  be  ob- 
tained of  the  amount  of 
currttnL 

Vig.  409  rrprwentii  an 
ftfitatic  galvanometer,  an 
usually  oonfitrucl«d.  The 
coil  is  wound  upon  an 
ivory  frame,  which  sup- 
[>ortM  the  divided  cirt^le 
in  whuae  centre  the  up- 
per needle  is  suspended. 
llie  ends  of  the  ooil  an 
connected  with  two  bind- 
ing scrawt),  for  making 
Ktion  with  the  wtnw  which  convey  tliu  current  to  be  mcuured. 
needles  are  mually  two  Mwing>necillcs,  and  tlie  upper  one 
I  carntM  a  light  pointer.  The  auBpending  fibre  is  attached  at 
pper  and  to  a  book,  which  can  be  rained  or  lowetvd,  and  when 
bfitrument  is  not  in  use  this  is  lowered  till  the  upper  needle 
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xontol  position  in  front  of  the  mirror,  at  the  dtatac 
yard,  and  tho  image  of  an  iUuminated  elit,  which  fl 
mirror  upon  t]ii«  Hcalv,  serves  as  the  index.  The  aiS 
mirror  and  scale,  wliich  b  Uie  bimiv  an  in  tlio  caae  of 
electrometer  describes)  in  n  previous  chapter,  in  exli 
470.  M  i8  the  mirror  of  silvered  glass,  idiglitly  co 
SDi&ll  piece  of  magnetized  watch-spring  attAcbed  to  it« 
together  weighing  only  a  grain  and  a  half,  and  mepei 
fibres  of  unspun  silk.  AA  is  a  divided  scale  formin; 
horizontnl  circle  about  the  mirror  as  centnx  Inimcdia 
centre  of  this  scale  is  a  circular  opening  S  with  a  fine 
vertically  at  the  back  of  iL  A  paraflijie  lamp  L  ia  | 
behind  this  opening,  so  ao  to  shine  Uirough  it  ujton  the 
ia  at  such  a  distance  as  to  throw  upon  the  screen  a  bi 
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which  can  be  rsii<«(I  or  lowered,  ao<l  oui  alito  bo  turned 
Vlicn  it  ia  low  down  it  overpowers  the  iiirttrH  riiagnoUitiii, 
•k  Ute  need]«  to  take  any  punition  that  imiy  be  rvqiiinkl. 
ximam  sftnsitivcness,  the  magnetic  iield  arouiul  tli«  neodin 

made  as  weak  as  possible.    For  thLi  piir- 

ne«'dli)  ithould   be  placed   in  or  not  far 

meridian,  and  the  magnet,  after  botn^ 
ito  eudi  a  position  as  <lir<,>ctly  to  oppose 
*M  action  on  the  needle,  ahoiild  bo  nisod 
<d  till  it«  force  is  a  very  little  letw  or 
Itan  that  of  the  earUi.  The  operator  in 
the  adjuAtmcnt  watchi'S  the  vibrations 
»edle.  as  indicated  by  Uio  tnovomenta  o( 
a  0)1  thu  scale,  and  knowH  tliat  the  force 
taodle  i»  diminishing  when  he  sees  the 
■  becoming  slower 

e  at  Bca  tlio  galvanonivter  ia  modified 
ing  the  supporting  fibre  of  Hilk  at  both  eudj«,  to  as  to  keep 
vith  the  needle  and  mirror  attA<:hw]  at  it^*  centre,  care  being 

make  the  direction  of  the  fibre  iMuta  through  the  common 

gTs^ity  of  the  needle  and  mirror,  in  order  that  the  rolling 
lip  may  noi  tend  to  produce  rotation.  In  tliis  form  it  is 
I  mariru  ^IvaiK/nwtirr. 

■UbratloD  of  Qalranometer. — Tltc  deviations  of  the  needle  of 
itaet*;r,  when  large, arn  not  proportional  totbe  currents  which 
ibem.  In  order  to  he  able  to  tranftlate  the  indications  of  the 
ot  into  proportional  measure,  a  preliminary  investigation 
made,  and  it»  rcaulta  eml)odicd  in  a  table.  Thb  has  boon 
■everal  ways.  We  shall  niorfly  indicate  the  method  um- 
y  Ui.dIoni  for  deducing  from  the  deflections  of  his  galvono- 
»  amotmta  of  heat  received  by  '■>"  tbcniio -pile. 
toed  two  sources  of  heat  oppcxite  tlie  two  ends  of  the  pile, 
red  them  to  radiate  to  it,  flmt  one  at  a  time,  and  then  both 
One  of  them  produced  a  deviation,  say  of  5*.  and  the  other 
ad  when  the  two  were  acting  jointly  the  do\-iation  was  5*. 
t  latter  number  b  the  difiervnoc  of  the  other  two,  tlio  infer- 
tat  up  to  10'  the  dcflrctioiM  are  pro]>ortional  to  the  amoiintt 
■eceivcd.  Btlolloni  thuji  uttabliiihed  tliot  the  proportionality 
up  to  20*.  When  the  two  sooroee  separately  produced 
tt  of  SO*  and  25',  and  a  deflection  of  G*-5  jointly,  ho  inferred 
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that  ft  cletlcetioii  of  25°  indicated  an  amoant  of  heat  repreMot 


iS'ii:  for  th«  be«t which  producsed  th«  deflection  of  S-i"  wm  th 
of  the  two  amo«mta  repreetntcd  aopfti«ti-ly  by  SO*  and  0*'S.!| 
auccasaion  of  steps  of  this  kiud,  tlia  CftUbnUion  (fta  this  proo 
called')  can  ho  extended  iiiiorly  to  90'.  j 

This  mode  of  invcstjgatjon  coven  any  want  of  proportill 
%vhifh  way  exist  in  the  production  of  thcruio-ttlcctrie  cuma 
w«]l  aa  in  the  proportionality  of  theae  cturenla  to  the  di^flwtja 

721.  Oeneral  Law  for  Hftgnetic  Forc«  dae  to  a  Cnmat. — la  « 
case,  (he  ma^ettc  force  at  a  giv«n  point  due  to  a  eiinvnt,  at 
computed  b}'  dividing  the  current  into  elemcntaiy  portiotu,  i 
sensibly  strnight,  and  compounding  by  the  pataUetogim  of  It 
the  effects  due  to  theae  aep&rate  elenienU.  Tlie  force  Aw  to  i 
element  ia  normal  to  the  plane  drawn  tbroagh  the  element  and 

given  point,  and  is  proportional  to  C  ^,  sin  9,  where  C  dduUt  I 

strength  of  the  current,  I  the  length  of  the  element,  r  the  i 
between  the  element  and  the  given  point,  and  A  the  an^U 
the  joining  line  and  the  element.    The  force  at  the  ceatn< 

cii'cular  current  of  radius  a  is  therefore  O-J"  =s  C^* 

at  the  contro  of  a  circular  galvanomctAr>coil  of  n 

all  can   bo  regarded  OS  in   one  plane  and  of   the  mum 

iaO^. 

When  A  galvanometer  needle  ta  deflected,  ii  Is  M  loOfV  i 
plane  of  tlie  coil,  and  this  circumstance  compllcain  tbt  i 
between  current  and  deflection.     HeIinholt2  hoA  uverootM  I 
culty  by  placing  tbe  needle  midway  between  two  equal  »iui  ] 
coils,  whose  difttanoG  a|iiart  is  equal  to  the  rndtus  of  cithfr.j 
being  connected  in  series  so  that  the  same  eufreiit  flon/ 
boUi.    I1)c  lines  of  magnetic  force  in  the  intervaning  i 
uhown  to  ho  very  nearly  straight' 

722.  Effect  of  Instuitaneoas  Cane&t. — When  the  da^ 
current  is  small  in  compartson  with  the  time  ui  vil 
Doedte,  and  the  total  deflecUon  small,  the  velocity 
giyea  the  needle  is  jointly  pn^rtional  to  the  daratioa  i 
and  ito  average  atiength.    It  ia,tlierefore,fiiaply  pr 
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'  A  ilnwiag  of  tb«  Una*  will  Iw  fa«iJ  In  Mui««ll'a  EUttriritf  aull 
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tS  electricity  which  passed.  Tl)ia  velocity  U  oc\nni  to  thnt 
red  ID  the  return  movt'inent  to  zero;  and  UiU  latter  obviously 
'B  the  same  law  aa  the  tnotjon  of  a  simple  pendulum,  for  in 
ttitm  the  tlfcctivG  forct?  is  proportional  to  the  sine  of  the  diti- 
Deat  In  the  auo  of  llic  pendulum,  tho  square  of  tlie  velocity 
red  in  tlio  whole  dcMvnt  is  proportional  to  the  vertical  height 
Ml*d.  and  thLi  Y<;rtical  height  nmltipliod  hy  the  diameter  of  the 
in  wlitdi  tlie  peiiduluiii  uovca,  is  e^^ual  to  the  square  of  tliv 
;  liMiee,  the  velocity  aoquired  is  proportional  rigorously  to  the 
I  and  approximately  to  the  arc  of  descent  if  small.  Tho 
role  u>U8t  bold  for  the  noodle;  that  ia  bo  say,  the  velocity 
red  must  be  proportional  to  tho  extreme  displacement  Thf 
Htjf  ofiitHncU^  IranamitUd  ihrov^  the  galvanomeier  coil  by 
■toiUoiuxnu  dUekaryt  itf  Uiereforo  froporHonal  to  ilte  diatanee 
{M  tkt< -HttdU  »WVWf*. 

.  The  aalTanoneter  a  Tme  Heasarer  of  Cnrrent. — lliis  reama- 
■uiiK*  Uiu  priuciplo  Lliat  tho  foroo  exerted  by  a  current  on  a 
i  b  a  true  incwture  of  tin;  ntn-ngtl)  of  tlio  current  (detoed  aa 
oantity  of  olectricity  conveyed  per  unit  of  time);  and  con- 
jr.Uie  obeerved  fact  tliat.  when  known  quantities  of  electricity 
•eluu^gM)  through  a  galvanomi-ter,  the  swings  pro<luc«tl  are 
rtiooal  to  those  quantities,  establishes  the  principle.  The 
iaont  haa  frciuently  been  made  by  discharging  a  oondenur 
i)  which  hiw  b<-«n  cliai^d  by  a  galvanic  battery;  ao<l  Fara- 
btained  a  BimtJar  roault  witli  Loydvn-Jats  which  h«)  been 
d  by  a  powerful  frictional  macliine,  the  jan  being  dbchatj^ 
^  a  wot  thread  or  string  leading  to  the  gnlvanomeler.    He 

that  the  swing  was  independent  of  tlie  length  ukI  thickneae 

Ibnad  or  string,  as  well  as  of  tlie  number  of  jars  employed, 
■I  proportional  to  the  number  of  turns  that  had  been  given  to 
Ktrical  machino  in  charging  Uie  jars. 

propartiooallty  of  force  to  current  miglii  bava  been  inferred 
n  from  the  ootuideniUon  that,  if  wo  luive  two  panUlel  wtrev 
Mgethcr,  conveying  equal  currents,  the  resultant  force  oo  a 
ill  bo  ll)c  siiii)  of  tliu  forces  due  to  each,  and  will  therefore  be 
I  of  tho  force  due  to  one  alone.  The  force  will  not  be  uttered 
>wing  the  wirea  to  touch  each  other  all  along  their  length; 

tfaia  position  they  form  a  single  conductor  coni'eying  a  douUa 
I. 

Heedla  Defleetad  by  Uotion  of  a  Charged  Body. — The  qnratloa 
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haa  been  rained  whetiter  the  canying  of  electricity  by  tbe  natton  «C 
a  charged  body  produces  e^cts  similu  to  tboso  of  a  cummt  liamiog\ 
through  a  conductor,  and  in  [xarticular,  whctlior  it  ui  cspsbla  </ 
dcflocting  a  niagnuti/od  neodlc.     Tlie  ntattor  hms  tioon  put  to  tbt 
test  by  ftt»£e«sor  Itowland  of  BaUimurc,  in  an  experiment  purfi 
at  the  laboratory  of  tho  Berlin  Uaircnuty.* 

Tbu  carrier  of  the  electricity  wm  o  rapidly  revolving  boriaoobl 
disc  of  ebonite,  gilt  on  boUi  Hidpet,  and  luaintajiu'd  in  a  high  atatorf 
clcctnlication  by  means  of  a  lixed  discharging  point  oonne«t«(l  vt& 
one  of  the  coatings  of  a  battcty  of  Leydcn-jars.     The  neetUe  In  h 
deflected  was  suspended  over  it  near  ibi  etnnunference,  the  kBfA 
of  the  needle  being  perpendicular  to  the  radius  of  the  disc,  lo  tbtt 
the  motion  of  the  elcctnetty  beneath  the  needle  was  ponllal  lo  ik 
leogth.    Between  the  needle  and  th«  rovoMng  dine,  a  injyi  tati 
disc  (^  glass,  gilt  on  one  eide  and  connected  with  the  eartli,  mi 
interposed;  and  there  was  a  similar  disc  on  tho  lownr  Mda    lb 
needle  was  one  of  an  aatatic  pair,  the  other  needle  Ixdog  at  a  doA 
greater  height;  and  both  were  indooed  in  a  brass  case,  to  pnurt 
them  from  electrostatic  inHut-ncc^.     The  delloction  was  obeornJ  if 
meaas  of  »  mirror  attached  to  the  ntctn  of  tlie  needlus,  sod  a  telattp 
for  viewing  in  the  mirror  the  reflected  image  of  a  acak.    Tfcedk 
which  waa  8}  inches  in  diameter,  revolved  at  the  rate  of  alvDltf 
turns  per  second,  and  the  dedections  obser^'ed  amounted  t«  bm  i 
to  7^  divisions  of  the  scak-.  the  deflection  being  to  the  ow  sUtC 
the  other,  according  ott  the  charge  of  the  disc  was  positive  or  txp- 
tivc.  The  observations  extcndedovcrsevera]  weeks  and  cDoeliMiWT 
proved,  subject  to  small  errors  of  obsen'ation  anil  reduetfoB,  Uiat  il» 
magnetic  elTect  of  carrying  a  charge  of  electricity  in  the  Mow  m  (W 
of  the  flow  of  the  same  quantity  of  electricity  in  tbe  Mint  tim 
through  a  conductor. 

■  Soe  P\tL  Maf.  RtpbonUr,  ISIt,  pft.  tll-tl& 
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,  Baetrolraia. — When  a  current  i»  pa^Aed  Uirou^h  a  oouipound 
I  docompositiou  U  frequently  observed,  two  of  the  component 
iiieo*  beiog  tiopant«d,  ooe  at  the  place  where  the  current  enters, 
t*  Otltsr  at  th«  plM«  whvrc  it  h^vos  the  liquid.  This  d<.-coin- 
miaooUpd  tlecttf^yais.iM^  t]i(!8ul«tatioGdwuinpo8cdore^c<n>- 
is  called  tlie  tUeirolyU.  'V\w  action  only  occurs  in  tlio  case  of 
I,  and  tbeao  must  be  conductors. 

I  proceoB  may  be  illustrated  by  the  decoui|>OAition  of  water  in 
Uameter.    This  apparatus  consiata  (Fig.  472)  of  a  vessel  con- 


^^  ■  ^    I T  J        <    ' 

^KAninlbtd  water  in  which  two  etriju  of  platinum  are  im- 

1,  WNUiieetAd  reapectively  with  the  two  poles  of  a  battery. 

tba  eoonectioRs  are  completed,  bubbles  make  their  appvaranoe 

Borfaees  of  the  two  stripe,  and  rapidly  rise  to  the  surfiu^. 


platmuro  strips  in  the  above  arraogemeot  are  ca3ti 
^tictrodca  of  the  vollnmctcr.  They  may  obvioosly 
iho  po]os  of  the  battur)-.  T1i«  dirvcUon  of  the  cum 
U<imd  is  of  course  from  the  poititit'c  to  the  negative  pol 
whicli  corneal  to  tho  positive  pole  (oxygeo)  is  called  t 
and  that  which  comes  to  the  negatii'e  pole  (hydrogm) 
these  names  being  based  on  the  idea  of  attiactJOD  I 
dtJCfi  uf  opposite  sign. 

726.  Transport  of  Elementa. — ^The  potitive  element 
as  thftt  whidi  travels  M-ith  the  current,  and  tlic  negi 
that  which  travels  against  it.  Hence  Faraday  catla 
cation  (signifying  that  uVtu-A  ffoee  do%in\),  and  the  li 
(signifying  Oiat  which  goes  vp).  and  instead  of  appi 
p(^  to  thfi  places  where  the  current  enters  and  Icav 
colls  ibom  tim  anotle  and  cathoda.  The  direction 
through  thu  liquid  Li  from  Utc  anode  to  the  cathode^  (j 
what  is  commonly  called  the  positive  pole,  and  tli« ' 
tive  pole.  When  speaking  of  them  jointly,  he  ' 
trodet. 

It  is  a  remaricable  fact  that  the  Separated  elee 
their  appearance  ex- 
cept at  tJie  electrodes.  \ 
Nothing    is    seen   o'  \(^ 
thorn,  nor  is  any  ao-     '• 
tion  exhibited,  at  in- 
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Thus  if  Pi^.  473  repre^nt  a  line  of  particW  tCMMEBMl  I7 
CDrrcQt  froiQ  leEt  to  right,  there  will  be  a  contiiia^  ntraun  cf 
Ingm-paitidm  nlong  this  liii«  from  l«ft  to  tight,  and  a  stream  oC 
igta '  partidM  f rotn  n^lit  to  l«ft.  Tlie  liydrogon  of  molecule  1  will 
itiftw  with  the  oxygen  of  molecule  2  to  form  a  new  luulocule  1'; 
hydrogen  of  molacule  2  will  combine  with  ttio  oxygeii  of  inglo- 
1 3  to  form  a  new  molecule  2',  and  bo  on.  I'he  oxj^cn  of  mole- 
1 1  is  given  off  at  tJte  left-hand  extremity,  which  we  suppoM  to 
the  poittt  of  contact  with  000  of  th«  stripe  of  platinum,  and  the 
Irogen  of  molecule  G  at  Uie  other  atrip.  Tito  molecules  1',  2',  3* . . . 
khen  in  their  turn  decompoeed  to  form  a  new  set.  In  actual  casee, 
rnomber  of  molecules,  instead  of  being  only  C  as  r^MVMnted  to 
[figure,  is  of  coonw  many  millions. 

IB7.  Blaetrolysii  of  Binaty  Compottnds. — When  a  compound  formed 
the  onion  of  a  mi^tal  with  soaic  othiT  elcmeotar)'  subbtance  is 
Biittcd  Ut  eloctrolysL^,  the  metal  always  comoa  to  tbu  negative 
L  it  was  in  this  way  that  several  of  the  metab  were  tint 
tbed  from  their  oxides  by  Sir  Uurapbry  Mavy.  Potassium,  for 
bple,  was  obtained  by  placing  a  piece  of  potash  on  a  platinum 
I  connected  with  the  negative  pole  of  a  batU-ry  of  S60  celht,  and 
I  applyini;  a  platinum  wbe  oumM-ct<;d  will)  Ute  positive  polo  to 
kpper  surface.  Th«  potash,  whidi  hod  been  allowed  to  cuiitr«ot 
moitbtre  &om  the  otmoephcrre.  in  order  to  give  it  sufficient 
power,  soon  began  to  fuse  at  the  points  of  coiitact  of  the 
A  violent  eflervescence  occurred  at  the  upper  or  pomtive 
while  at  tiio  lower  surface  small  globules  appeared  resem- 
silvcr,  lome  of  which  in»t«otly  bunt  into  danui.  vhUe 
BOTBty  become  tarnished  and  afterwards  coated  over  with  a 
film. 

be  earthy  oxides,  nucb  as  magnesia  and  alumina,  are  more  diffi- 
oC  reduction  than  the  alkalies  potash  and  soda,  and  have  never 
«fea  electrolysed.  The  motaU  magneoium  and  aluminium  have, 
)ver,  been  obtained  by  tli«  vlcetrolyiux  of  tlieir  diltn-ides. 
ride  of  magnesium,  for  examine,  is  melted  t^  heating  it  to 
in  a  porcelain  crucible,  the  upper  part  of  which  is  divided 
two  compartments  by  a  porous  partition.  Pieces  of  corbun  oro 
ajvl  as  tlio  terminals  of  the  battery,  and  am  iniwrtod  one  in 


lo  wnlna  UmwIm  (lis  Aaiaa  ba«t  ««7piWMb«c«alal*d,hiil  BDetPpoaiid 
nil|ib<u.     iSe«  I  T3B.)    Tli*  rapluuUon  ■■  h  alMida  In  Uie  t«it  Rfnanita 
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each  of  these  compartmenUt,  the  piece  which  is  to 

tivt;  <.-Iectrudc  bcin^'  notched  like  tbu  iMlgo  of  a  8av,  with  iti 

pointing  downwards  Tctnij  to  int«rc«pt  the  tuftal    in  Ui  n 

coui'sc — the  metal  being  8i)ecincAlly  lighUr  titan  it«  ebloridifl 

by  the  electric  current  that  Deville  in  1854  succeeded  in  |n| 

aluminium,  which  has  exhibited  sudi  unexpected  and  iat«r 

proportiei 

For  the  electrolysis  of  binary  compounds  soluble  in  waUr, 
solutions  arc  frequently  employed,  but  tlicm  sbouhl  In 
highly  concentrateil. 

728.  Eleotiolj^ais  of  Salte. — When  a  salt  of  any  of  the 
niable  motaU  is  submitted  to  electrolysU,  a  continual  d( 
the  metal  is  observed  on  the  negative  electrode;  while,  at 
electrode,  oxygen  is  disengaged,  and  add  sot  frea.  The 
occur,  for  example,  if  ])latinum  clwinMlcs  are  plunged  in  a  tali 
of  sulphate  of  copper.  If  an  oxidizabte  metal  is  employed  M 
positive  electrode,  the  oxygen  will  combine  with  it  instead  of  1 
given  off.  If  the  metal  employed  be  copper  itoclf.  t3>e  orii 
copper  formed  will  combine  with  the  add,  and  a  quantity  of  nlf 
<if  coppe^r  will  beformedexaetlyequal  to  that  which  andergoesds 
position.  The  solution  thus  remains  constantly  in  the  i 
regards  saturation,  and  the  copper  deposited  on  the  i 
IS  c:(nctly  compensated  by  that  diasolTod  olT  the 

WJK-rt  a  .snlt  of  one  of  the  alkaline  metals 
is  electrolysed,  the  appearancea  presented 
are  different  from  thoae  which  we  have  just 
been  describing;  and  they  for  a  long  time 
received  an  erroneous  interpretation.  Let 
the  tube  represented  in  Fig.  +74  bo  charged 
with  solution  of  Kitlphate  of  8o<lii  coloured 
with  nynip  of  violeta  If  the  current  be 
then  passed,  after  the  lapse  of  some  time, 
a  red  tinge  will  be  observed  in  the  liquid  «(Mft    ^ 

around  the  positive  electrode,  and  a  green  fl 

tinge  around  the  negative.  This  shows  the  pneeaoe  rf  fiSI 
at  the  positive  and  alkali  at  the  negative  pola  Oxrgn  ii  < 
found  to  be  evolved  at  the  positive  and  hydrogen  at  the  v^ 
pole.  The  interpretation  for  a  long  time  given  to  th«e  iwJfc ' 
that,  in  the  electrolysis  of  a  salt,  the  add  vent 
the  base  to  the  negative  pole.     In  the  eaae  o(  a  mttalLic  i 
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we  of  dopper.  it  was  HUppoe«d  that  the  oxide  of  copper  whidi 
the  b«»e,  undei-went  a  furtlior  electrolynU.  reeitlting  in  the 
ranc0  of  tiie  mutal  at  tho  ncgattru  and  of  tho  oiygcn  at  titc 
vc  pol«.  Thia  couip]icat«d  bypothcsiit  of  two  !<itccc«!(ive  elec- 
M  k  MtUnily  grntuituus.  It  wiw  in  fact  niiiiply  framed  to  auit 
iciiiical  theories  whkb  reganled  a  salt  aa  the  reaiilt  of  the  vmion 
bdd  and  a  boao.  It  is  now  I>elievcd  Uiat  th«  electrolysis  of 
ite  of  aoda  is  aingle,  that  it  consists  in  resolving  the  salt  into 
n  and  an  anstable  compound  of  enlphnr  and  oxjgeia,  30|,  to 
I  tb«  name  of  sulphion  has  been  i^'ivon.  I'hc  sodium  iinitvo 
Uio  oxygen  of  tho  wat«r  at  the  negative  pole,  thtu  fonning  soda 
berating  hydrogen;  and  tlie  sulphion  unites  wiUt  the  hydrogen 
water  at  th«  jxjsitive  pole,  fonning  sul]>hurtcaci<I  and  liheraUng 
[n.  These  chemical  actions  immediately  conse<|uent  upon  elec- 
ts are  called  Mcondar}/  actions. 

L  Oectrolj-sis  of  Water. — Whntwelwvojustiiaidof  )»ltfl,ap{>lio){ 
1^  to  tho  oxygvn  acidis.  11iuh  in  tho  viectrolysis  of  sulphuric 
|SOk  U|0)  the  hy(ln>goti,  which  in  a  kind  of  gaseous  metal, 

0  tbe  Motive  pole,  while  the  Auh<itance  SOt  goes  to  the  poai- 
Die.  and  Uiere  unitea  with  tho  hydrogen  of  the  water  to  form 
'imitive  compound,  setting  oxygen  free. 

B  probable  that  what  ia  called  tho  elcctrolysja  c^  water  is  really 
Urect  action  of  this  kind;  tJiat,  in  fact,  it  is  not  th;  water,  but 
id  Contained  in  it  tliat  is  el<.-ctrolyscd,  dcoompmition  and  reoom- 
3D  of  add  being  in  contjnual  progress. 

this  as  it  may,  voltameters  are  frequently  employc<l  for  the 
iremi^nt  of  currentH,  from  which  iLse  indeed  they  derive  their 
litis  mode  of  measuring  a  current  is  due  to  Faraday.  The 
ify  of  electricity  which  passes  b  measured  by  the  quantity  of 
olved;  and  this  is  best  determined  by  measuring  tho  hydrogen, 
first  place  because  of  its  greater  volume,  but  still  more  because 
Ni  liable  than  oxygen  to  be  absorbed  by  water.  It  is  important 
Iw  teraperaton  at  which  the  operation  is  conducted  sliould  not 
k  low;  for  if  it  be  under  SO*  C,  the  water  may  beoowe  so 
[ly  impregnated  with  oxygen  as  to  be  able  to  take  up  some  of 
rdrogen  which  u  separated  at  tbe  negative  pole,  and  reduce  it 
to  the  form  of  water. 

taoeteis  have  tho  disadvantage,  as  compared  with  galvano- 
t,  of  introducing  opposing  electro-motive  force  into  the  t^ircuit^ 

1  M  a  luge  amount  of  resistance. 


rather,  electro-chemical)  equividents.' 

These  laws  caJi  be  extended  to  the  colU  of  the  bat 
if  we  pay  proper  attention  to  the  sigos.o£  iho  qiuu 
The  essential  difTercDCC  between  a  cell  of  the  bttttn 
poKitig  cell  included  in  the  circuit  i^,  tlwt  tho  for 
positive,  itnd  the  letter  negative  electt'o-moUve  foR 
and  if  one  of  the  cells  of  the  battery  be  reversed,  ao 
travels  through  it  not  from  zinc  to  copper  as  usual, 
to  zinc,  it  inimediatoly  becomes  a  decunipoKing  on 
motive  force  opposing  tliat  of  tlio  circuit.  The  uno 
combination  that  tak«8  place  in  a  battery  cell  (or  th 
bination  over  decompoMition,  if  botli  are  going  on,i 
cell,  where  sulphate  of  copper  ie  decomposed)  is  ( 
valent  to  the  decomposition  tliat  occuni  in  any  oo«  i 
in  the  same  circuits  This  is  on  th«  RUppottitioii  lliat 
<§  707)  is  allowed  to  take  phu»  in  the  battery.  Kk 
hypothe«i8  in  Wew,  we  may  therefore  aaaert  that  tfa 
action  in  the  same  in  amount  for  all  sections  of  the  f 
theiie  sections  are  taken  in  batter)'  cells  or  io  deoomj 
is  opposite  in  sign,  according  as  the  soctiona  are  n 
which  assist,  or  which  oppose  the  currant  by  theii 
force 

If  a  current  generated  by  a  b*tt«ry  consistiflfl 
arranged  in  a  series,  Li  paa!ie<l  through  a  succonlw 
^Us,  one  coataiaiag  aeidulat^d  w^«r.  *iwl4ifr  d 
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ulutioo  of  nitrate  of  silver,  then  for  <i'>  parta  by  weight  of 
liaMlved  Id  may  one  cell  oi  the  botteiy,  2  porta  of  hydrogen  wiU 
•oWed  from  the  acidulated  water,  *nd  207  p«rt8  of  lead,  118  of 
md  316  of  silver,  from  the  other  elcctro)yt«6  reepecUTely;  th«M 
bars  bein^  proportional  to  the  chemical  equivalcnta  ol  zinc, 
Dgon,  lead,  tin,  and  silver. 

EMSM  tobatuiM  in  diflerent  states  of  combination  may  have 
ti  elaciro^M&iaU  equivalents.  For  example,  in  decomposing 
cUonde,  M  parts  of  iron  are  separated  from  71  of  chloiine 
k«ry  65  parta  of  ane  dissolved,  so  tbat  here  we  have  56  parts  of 
Bquivalent  to  65  of  ztnc;  but  in  decomposing  ferric  diloride,  37) 
j  of  iron  (two-thirds  of  the  former  quantity)  are  separated  from 
t  chlorine  for  every  65  porta  of  idnc  dissolved,  ao  tluit  hero 
parts  of  iron  are  equivalent  to65of  zinc  Inbotbcaae*?!  partH 
Aorine  are  eapiivalent  to  G5  of  nnc 

peraral  eeUs  containing  the  Rame  aleotrolyte  are  placed  in  dif- 

tt  fmrUi  of  the  circuit,  ho  as  to  be  traversed  in  suoceesion  by  the 

1  current,  the  same  amount  of  dccompusitioa  will  be  effect«d  bi 

all ;  and  this  amount  for  each  cell  will  b«  the  full  equivalent  of 

etion  in  each  coll  of  the  biUtrnr, 

order  to  etrect  a  given  amount  of  decomposition  in  a  given  cell. 

the  smalleflt  poBsiUe  consumption  of  dne  in  the  battery,  the 

per  of  battery  celts  employed  should  be  tlie  sm&lleat  that  will 

fB  to  effect  the  opetatitm  at  all;  in  other  words,  the  resultant 

p>-mottvo  force  in  circuit  should  barely  exceed  sero.    Hiis  la 

■H  from  eonsidering  that  the  quantity  of  electricity  required  to 

I  tba  givoti  opantion  is  imspective  of  th«  number  of  wlU  of 

Wttery,  ntnl  in  absolutely  constant     The  quantity  of  xinc  dis- 

B  «n  taek  ceU  is  therefore  constant  also,  and  henoe  the  whole 

UMolved  Lb  proportional  to  llic-  nuuklwr  of  cells.     If  we  employ 

eetU  than  are  necessary,  we  shall  effect  the  required  operation 

quickly,  but  at  the  expense  of  an  extra  oonaiunpUon  of  cine. 

Be  may  be  saved  by  increasing  the  number  both  of  the  dooom- 

eclls  Btid  of  the  battery  cells.    By  doubling  Uiom  both,  we 

bla  tlift  electro- motiv;  force  and  also  tlie  rcsistanoo,  so  that 

i  will  be  unaltered-    The  chemical  odioo  ia  each  cell  will 

be  the  same  oa  before;  and  as  the  number  of  decomposing 

doubled,  a  double  quantity  of  the  given  electrolyte  is  decom- 


Btoradary  Batteries. — We  have  stated  in  §  704  that  in  soma 


"wiflToxygen  and  h^^^^Kther  by  elPctaoly»la"w 
uuLiiner,  and  any  nuifllHPtiie  cella  may  be  oonne 
During  the  flow  of  the  current  which  Uiia  battery  | 
post's  of  each  cell  gradually  unite  thtough  tlio  tnediun 
lalvd  water  bctwceu  them. 

Any  coll  which  Is  fiist  subjcctod  to  electiolysu  by  i 
an  external  ftOurc«,  and  then  givcAof  it»elf  a  current  i 
direction,  la  called  a  secondaty  all,  and  a  cooibinatto 
ifi  a  Kcondary  battery.  Recent  iniproveoients  in  the 
have  called  public  attention  to  them  as  an  important 
ing  up  energy,  to  be  used  when  and  where  it  is  w\ 
tliey  have  received  the  name  of  tUrage  batterie*  or  at 

732.  Faare's  Aocamalator, — Faure'a  Accumulator  < 
leaden  plates  o£  lar^  surface,  covered  with  minian 
Icadj,  rolled  up  together  with  flannel  between  them, 
in  dilute  sulphuric  acid.  The  primary  current,  wh 
supplied  by  a  dynamo  niacbinc,  changes  a  portion  of  i 
the  anode  into  peroxide  of  lead,  and  reduces  a  jiortiob 
on  tlie  cathode  to  metallic  lead  in  a  npoagy  comiitit^ 
to  the  presence  of  these  two  subetanoes  with  dilaV 
between  them,  that  the  secondary  current  is  due  A  b 
cells  fa-shly  charged  by  a  dynamo  machioa  vUl  J^ 
current  tor  nuom  houn;  and  an  interval  of  a  few  lii 
a  few  dayit  between  diarging  and  using  doca  not  inv« 
loss.  ^1 


also  oonstructi!<l  a  " rhiMi«tntto  machine'  oontaining 
ituMlreds  of  these  celU  oach  conaect«d  to  a  separate  condenser, 
ilh  iin  arnuigcment  by  which  the  connections  of  the  cells  can 
Uatancoualy  altered.  During  the  charging  proccs9,  polcB  ot 
k  name  in  the  secondary  ocllx  are  all  connected  togetlier,  one 
tog  ooonectcd  with  tho  positive  poK'  of  the  chaining  hattwry, 
e  other  set  witli  the  negative  polo,  the  charging  battery  Itclng 
J  composed  of  two  large  Buiuwn  ccllv.  A  small  movoniftnt 
I  to  alter  tlie  connfcltons  so  aa  to  arrange  the  secondary  celU 
ea,  and  a  battery  is  thus  obtained  whose  electro-motive  force 
dieda  of  tirnee  gre«ti>r  than  that  of  tb«  charging  battery.  Tho 
fef  diarging  is  instantaiioou«,  and  a  quick  succtuision  of  di«- 
f  of  tlM  BMOodary  battory  can  bo  obtainud  by  turning  a  handh\ 
facts  being  sonwwbat  similar  to  tJie  disdiargcs  of  a  Huhmkorll' 

(15). 
Obemleal  BeUUoDS  of  Electro-motive  Foree. — The  energy  of 
eut  prwluct^l  by  a  batt«ry  is  eqnal  to  the  potential  energy 
inical  affinity  which  runs  down  in  ita  production;  and  this 
is  measured  by  the  heat  oC  combination  due  to  the  cliemical 
prUdi  go«a  on  in  the  battery.  If  there  are  decomposing  celb 
nit;  they  contribute  m^gativo  huat  of  ooiiibination,  and  there 
I  no  current  unless  the  total  heat  uf  couihination  for  the  whole 
i  ba  positive. 

■■Hsigy  of  the  current  for  a  given  time  is  cijuivalont  to  the 
mat  of  combination  due  to  the  action  which  takes  place  in 
toe;  and  if  tliis  c^ncigy  be  divid<^  by  the  quatitity  of  vk-ctricity 
Ibd  by  the  cnm-nt  in  the  time,  the  quotient  is  called  the  cUdiv 
r/i/nv  of  the  cinriiit 
I  iittaiitity  of  eh-L-tricity  conveyed  beors  a  definite  relation  of 

felCft  to  the  2inc  dissolved  in  any  one  cell;  and  henco  the 
otjve  foree  of  a  cell  is  proportional  to  tJie  heat  of  combina- 
to  tho  action  which  tukes  place  during  the  consumption  of 
I  quantity  of  sine  This  licat  is  about  twice  as  groat  for  a 
la  for  a  Uanioll,  and  hence  tho  electro-motivo  force  of 
it  is  about  double  that  ot  the  Utter, 
lectro-roelallurg;, — The  applicationa  of  electrulyKis  to  tho 
I  DUinerons  and  important.  They  are  of  two  kimU.  In  one, 
petrolytic  (ii-[iosit  is  intended  as  a  permanent  covering,  and 
I  adhere  perfectly  so  as  to  form  one  mass  with  Uio  body  which 
In  tt;e  other,  the  adhesion  is  temporary,  and  must  not  be 


l: 


ucuiiy  raiBGD'  to  ui«  uumuii  vi  aaaaa^  uib  UBfmonr'Bg 

adherent.  These  endB  have  Ix-iti  eomplMeljr  atl 
mctlioils  patented  atwut  1840  by  Elkingtoa  in  Engl 
in  France. 

Tlie  solutions  are  always  alkaline,  and  luiually 
cyanide  or  chloride  of  tbe  metal,  dissolved  in  ao  allca 

To  prepare  the  gold  balk,  &0  grammea  of  fine  gold  i 
aqua  regia;  and  the  solatioa  is  evaporated  till  it . 


tig.  47a-4|fwiMi  fw  BwlfOfaKlut 

of  sjTup.     Water  ia  then  added,  together  witl 
Gj'amde  of  potassium,  and  the  mixture  is  boiU 
tiamcd  givu  about  50  litres  of  solution. 

The  negative  clectrwie  ooosiKta  of  the  article  tr>  1: 


itlfl 
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The  polea  of  the  battery  are  connected  with  two  metallic 
ig  on  the  top  of  the  d&tem  which  eontatns  the  bath.  Tbs 
'to  be  gUdod  ara  hung  from  the  negative  rod.  From  tlio 
t  rod  is  hung  a  plate  of  gold,  whow  sixe  should  bo  pni|>or- 
bo  the  total  surface  of  tlie  artidtat  whidi  form  th«  negative 

k 

mtv«r  bath  b  a  solution  containing  S  parts  of  cyanide  of 

10  of  cyamde  of  potaaaium,  and  250  of  water.  The  opera- 
plating   u  the  same  as  that  of  gilding,  except   that   the 

tua  ia  osoally  on  a  larger  scale,  and  that  the  temperature 

I  lower. 

«ti)  oiwe  the  surfaces  to  be  coated  moat  be  thoroughly 
.  from  grease.  For  thi^  purpose  they  ai«  subjected  to  tli« 
I  of  pickling  and  dipping,  which  we  caiuiot  stay  to  describe. 
lies,  aa  well  as  metaU.  can  be  roated.  if  their  surfacos  are 
with  some  conducting  msteriaL    Baskets,  fruits,  leaves, 

re  thoB  been  gilded  or  silvered. 

tar  proeeasee  are  employed   (or  depositing  other  metals,  of 

Mpper  is  the  roost  Ereqaent  example. 

Klectrotypo. — Elwtrotyplng  consists  in  obtaining  copper  catits 

fanilea  of  modala,  engmved  plates,  J£&,  by  meaiu  of  eloctrolytic 


fla  HT.— Balk  uit  bllt*i  lu  UMt 

first  auoceaaCul  attempts  in  this  direction  were  maile 
Jacob]  at  St.  Peteiaburg  and  Spencer  in  England. 
i  ia  DOW  very  estcusively  practised. 

■B-wnuIe  of  a  medal  is  rec|uired,  a  cast  is  first  taken  of  it, 
B  ftuiUo  alloy,  plaster  of  Paris,  or  guUa  porcha  aoftvaod  by 
>  to  100°  C,  this  lust  nuituriat  being  tlta  most  frequently 
IL  The  fusible  oUoy  is  u  conductor;  the  other  materiaia  are 
■hitr  nufaoM  are  tboreforv  rendered  conducting  by  nibbing 


— HB~  Va<V — P^iWi  IV*        V*  -  ^K— 


sullilmtu  of  cojtpor,  a  seuond  vceed  in  supporUid,  co 
of  porous  tartheuware  or  of  a  glnss  cyUndvr  cloM 
membrane.  In  this  second  vessel  is  placed  acidulatoc 
cylinder  of  zinc  euspended  in  it.  The  mould  is  ptaec 
roaeel  under  the  bottom  of  the  porous  cylinder,  and  is  ■ 
thft  zinc  by  a  stout  wire  which  comp]<.U''«  thv  circuit. 
m«iit  ill  evidently  equivalent  to  a  Danivll's  eAl.  Th« 
tlirough  the  liquids  from  the  zinc  to  tlie  mould,  «1( 
Bolution  of  sulphate  of  copper;  and  as  ilio  aietal  tt 
current,  it  is  deposited  on  Uie  suiface  of  the  mould, 
of  the  solution  is  kept  up  by  suspending  in  it  cryetali 
copper  eoiitainod  in  a  veAfli^l  pierced  wiUi  Iwles. 

738.  Applications  of  Electrotype.— One  of  th«  oomn 
tions  of  electrotype  is  to  the  production  of  copies  of  wt 
The  original  blocks,  as  they  leave  the  hand  of  the  iiogt 
yield  a  large  number  of  impressions  without  being  inai 
by  wear.  When  many  impressions  are  required,  th«} 
directly  from  the  wood,  but  from  an  electrotype  taken 
a  gutta-pcrclui  mould.  The  ptocvss  of  deposition  is  i 
for  tweuty-four  hour*,  and  the  pbito  of  copper  tbua  oi 
thio.  It  i»  titrenglhened  by  filling  up  it«i  bacl^  will 
metal.  Sucli  plates  will  atlbrd  altout  80,000  imprm 
from  them  that  nearly  all  tlie  illostrations  in  popi 
printed.  Postage  stamps,  which  most  be  exactly  all 
_Iff6¥t:Qt  eoiuiU;rfotta,  ar*  >Uo  wfatod  from  gl<'»?taffi 
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MeeoBaty,  as  the  thin  film  o£  oxide  which  b  present  is  quite  sufficient 

lo  prevent  the  deposit  from  adhering  too  closely. 

Qasaliers  are  asually  of  cast-iron  coated  with  copper  by  electro- 
^jns.  The  copper  is  not,  however,  deposited  on  the  surface  of  the 
boo,  as  the  contact  of  the  two  metals  would  greatly  promote  the 
oidaUon  of  the  iron,  if  any  of  it  were  accidentally  exposed  to  the 
tir.  The  iron  is  first  painted  over  with  red-lead,  which,  when  dr}', 
it  covered  with  a  very  thin  layer  of  plumbago  to  render  it  conduct- 
il^;  and  it  is  on  this  that  the  copper  is  deposited. 


CnAPTKR   LVI. 


OHM  3  LAW. 


739.  Stfttement  of  Ohm's  Law. — The  strength  of  the  conrnl « 
traveraoa  a  circuit  dupi-mLi  pnitly  on  the  cloctro- motive  foroed 
source  of  electricity,  and  \mrt\y  on  the  rcfitst&nco  of  the  ctrcntt 
vqukl  ru»istiuiccs,  it  is  proportional  to  the  whol«  olcctro-inutin 
tuniJing  to  maintain  the  current,  and  for«<)ital  ulectru-nu'livr  fn* 
it  K  invoratily  as  the  whole  resistance  in  tlic  circuit.  Uin<ri.',  vlt 
proper  unit*  are  chosen  tor  expressing  the  curreDt  C,  the  WB* 
ance  R,  and  the  electro-motive  force  E,  wo  have 

or  the  current  is  equal  to  tie  dedro-moHm  force  divi<l*d  hf  it 
retistarux.     This  is  Ohm's  law,  bo  vtiX\vi\  from  it«  iliwovercr. 

740.  Explanation  cf  Ibo  t«rm  Electro-motJTe  Poree.— We  )«i* 
Already  (tj  730  defmod  electro-motive  force  aa  the  quotienliJAt 
energy  of  a  current  hy  the  quantity  of  electricity  which  it  voonT* 
This  definition  implies  that  electro-motive  fcvce  is  a  quantity  a(At 
name  nature  as  difference  of  potential;  for  wbea  electricity  pi^ 
from  one  conductor  to  another,  the  work  done  in  the  pan^  b  i^ 
to  the  quantity  of  ek'ctricity  multiplied  by  the  diftaxtoe*  of 
ttals  of  the  two  coniluctont. 

^Vlien  a  atea<ly  curnmt  is  flowing  through  »  galvanic  droart, 
must  be  a  gradual  fall  uf  pot<:ntiaI  in  e%'ery  uniform  oonductxr  «' 
forms  part  of  the  circuit;  sioce,  in  such  a  conductor,  the  ilin<fi* 
of  a  current  must  neoessartly  be  from  higher  to  lowvr  pMMMi 
Thcno  gradual  falla  are  exactly  compensatod  by  th«  alvit{4  !«■ 
(diminished  by  tlie  abrupt  fnlls,  if  any)  wfaidt  i*ccur  at  the  ivi>tf 
plftcea  of  contact  of  dimimihur  subatanooiL  Booant  exprnoa^  'V 
Sir  W,  I'homsoo  eeom  to  prove  that  by  far  tba  moat  tnfnrtii"' 
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pt  tnmaitions  oc«ur  at  the  jimctions  of  dissimilar  metals, 

ifliich  was  originally  |>ropounde<l  by  Volta,  who  appears, 

vr,  to  have  overlooked  the  oBsential  part  played  by  chemical 

lion  in  supplying  tho  Qcc<»wary  energy. 
we  imagiuu  a  largu  tuid  ilcvp  trough  of  water  of  annular  form, 
into  ooupurtiuviitA  by  tratuivvn»c  partitions;  and  suppuso  a 
t  ditrcrencc  of  Iwvl  tu  b«  maintftincd  on  opposite  sid«s  of  fiach 
by  sU-ady  pumping  of  n'at«r  from  each  comixirtmcnt  to 
ixt;  we  hare  a  rough  representation  of  the  dLstribution  of 
ibtial  in  the  celb  of  a  battery;  the  ris«  of  level  in  passing  acroas 
jtjon  being  analogoua  to  the  rise  of  potential  in  traversing  a 

juQiCtiou. 
eloctro-motive  force  of  a  galvanic  battery  may  be  defined  as 
!grl/raic  autn  vf  t/ie  ahnipt  diffcitnces  of  potetitial  \rhieh  occur 
jujKiiong  »/  UitiaimiUtr  avb»taiuxa.  In  a  bAlt«ry  coonistiug 
.uniber  of  mmilar  ovIU  arrangod  in  ocrim,  it  is  of  eoune  pro- 
to  the  tiuiuber  of  cellA. 
EtplanatJon  of  the  term  ReaiBtanee. — When  the  cuirent  of  a 
i  ia  taken  tlirough  the  ooil  of  a  galvanometer,  it  is  found  that, 
udng  different  lengths  of  connecting  wire,  very  diflurenc 
of  deflection  can  be  ob4AiDoU.  The  lunger  tho  wire  which 
either  ]iolo  of  the  battery  with  tlio  galvanometer,  the  luiiaUeir 
deflMtioo;  and  a  Hinall  dvllectioa  iudicat4--s  a  fcvbto  curruut. 
tnmnt  is  in  Uko  manner  wcakonod  by  intrcxlucing  a  Hue 
id  of  a  stout  wire,  if  their  length  and  material  be  the  same,  or 
itroducin);  an  ii-<m  wire  instead  of  a  copper  wire  of  the  sainu 
ons.  Tlie^M.'  ditt'L-reuoi-s  in  tbo  prup<.'rtiMS  of  the  dilU-rent 
are  expressed  by  saj-ing  that  they  have  dilfercut  rrai«tan«ea. 
tfl  found  that,  to  produce  tiu  change  in  the  deflection,  the 
I  of  the  wire  must  vary  directly  as  iM  eross-aection;  that  ia  to 
'  f,  f,  f  .  .  .  .  be  the  [engtlts  of  different  wires  employed,  and 
vr«  *  •  their  sectional  areas,  their  resistancoe  will  be  ecinal,  if 

I  on  the  supposition  that  the  wires  are  all  of  precisely  the  huus 
ial.  Every  substaiMe  has  ibt  own  itpecitic  rcsiHtanee,  the  redp- 
of  which  ia  it«  electrical  conductivity  and  is  precbely  analoguos 
nwU  oonductivity.  IH-nuting  Hpocilic  ranistanooa  by  r,  r,  t^, . . . . 
■dftion  of  equal  rcsLstuncc^.  when  the  tnatenab  are  different,  is 
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and  the  reslstancfi  of  any  wire  ts  •xpnsied  hj  tho  fomsk  -.  i 

danotjng  lU  length,  a  its  sectiona]  airea,  and  r  the  ^ledfio  nsiBt«a» 
of  its  mn.tenB.1. 

To  exprew),  in  terms  of  the  equivalent  length  of  ono  win,  IIm 
reaistance  of  a  <urcuit  composed  of  8i'V«ral,  wo  gaq  etopbf  tin 
relation 

'J=t|:;  whencai^'^r. 

{  denoting  the  length  of  one  kind  of  wire  etjuivalent  to  the  lea^tk  t 
of  the  otlier.  The  length  I  ia  called  tbo  reduced  length  of  tha  wm 
whose  actual  length  U  I'. 

74S.  Rheostat.^Whuatstouu's  rkeoatat  wan  one  of  the  eutiirt 
instniRieutfi  contrived  for  the  ooniparison  of  reaistuioed.    It 
(Fie.  +78)  of  two  cylinder*,  one  of  t>ra8s,  and  the  other  of  ooa 
ilucting  material,  so  arranged  that  a  copper  wire  c&D  be  wound  tt 

the  one  on  to  the  otbor  if 
tunuDg  a  handle.  The  nir 
fnou  of  the  noD-ooQiliKtaf 
cylinder  B  hiia  ascmw-throd 
cut  in  it,  for  its  whole  iaflk 
in  which  tli«  win  Ud^  » 
that  ita  saocenive  cea'ni^ 
tions  are  well  umdUIkI  bta 
each  other.  Two  lihubf- 
screws  ant  providsd  ftrtft- 
troducing  the  riwcMtat  i* 
a  circuit;  asd  the  resistance  which  is  thus  introduMd  dcptndi  « 
the  length  of  wire  which  is  wnpped  upon  the  Doo-coDdgctiiF 
<7linder,  (or  the  brass  cylinder  A  has  bo  Urge  1 
raistance  may  Iw  noglectod.  The  amount  of  resistaoot 
varied  aa  gradually  as  wo  please  by  winding  on  and  off  TVs 
handle  can  be  «liift<.-d  from  onv  cylinder  to  the  otlicr.  Ill*  %■* 
shows  it  in  the  potUtion  for  winding  wire  otT  A  on  to  B.  TW  ■»■ 
her  of  convolutions  of  wire  on  B  can  be  read  off  on  a  gndoabA  hr 
proWded  for  the  purpose,  and  parta  of  a  revolution  are  in£etlaJM 
H  circle  at  one  end. 

Fig.  479  represents  a  very  direct  mode  of  nioaaorii^ 


ric  in-BhtOMliL 
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^  the  rboo8t«L   Tlie  curront  traverses  a  galvanometer  B,  a  r)i60At*t  "R, 

111  tiw  conductor  m,  whuw  rasistooOB  is  to  be  measurecl,  kite  whole 

the  wire  of  the  rliooatut 

woimd  on  the  bnw 

rKnder.     The  deflection 

tltu  galv&oomcter  hav- 

bc«n   olw<»Ted,   tb« 

joductor  m  U  taken  out 

ciiriiit,  the  two  wins 

a  and  l>  are  directly 

sod  as  much 

tlw   rheostat  wiro  Is 

ii^lit  into  circuit  as  sufllccs  to  reduce  the  deflection  to  its  former 
aouut 

743.  Retistaoee  CoiU. — MenfiurcinonU  of  n'^tistanoG  are  now  usually 
I  hy  compari*oa  witli  staudard  coils  of  wire  which  at  a  certain 
nfled  t«mpemturo  have  known  rMistancc*.  lliv  uiunt  uitual 
kterial  for  the  wire  ia  Oertnan  eiilver,  this  being  a  metal  whose 
■istanco  is  comparatively  little  afiwted  by  temperature.  An  alloy 
platinum  and  silver  is  nUo  frequently  used,  for  the  same  reason, 
looil  iM  always  wound  double,  as  in  Fig.  480,  because  this  arrao|^ 
it  prflveots  it  from  influencing  or  being  influenced  by  magn«t« 
currvntH  in  tlie  neighbourhood.  In  fact,  the  iofluenceH  exerted 
nweived  by  the  two  strands  of  the  coil  cancel  one  another. 
The  coils  are  usually  fixed  in  a  box  in  such  a  manner  that,  by 


rwM*- 
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Joing  separate  coils,  reaistancos  of  1,  i,  3  or  any  integer  number 

ktna  op  to  5000  or  lO.OuO  can  be  ol>tatned.    The  mode  of  oombin- 

them  will  be  undcratood  by  pcfercuce  to  Fig.  481. 

A«  B,  C,  D,  E  arc  atout  plates  of  bnu>s,  which  can  be  oonn«ct«d 

qgetW  by  the  inacriion  of  plugs  in  the  liollowa  botwova  thraa. 

be  pluga  (one  of  which  is  iihuwn  in  the  figure)  are  of  braiw.  with 


726 


OHlt'S  LAW. 


ebonite  htudlu,  nnil  exactly  fit  Uie  bollows,  m  an  to  gin« 
ovur  0.  \aTgo  surface.  The  ends  of  oiie  coU  are  atUcbed  to  A  i 
the  enita  of  the  next  to  U  and  C,  and  so  on.  the  reaJataaew  < 
coiU  being  marked  in  figures  above  them.  When  the  hollow  be 
two  phttea  is  open,  the  curtL-nt  can  only  p«6s  from  one  to  Ibi 
by  going  through  the  int«rvomng  coil ;  but  whea  thu  plug  is  is 
the  resistnucc  between  th«  plates  is  innpiireciiible. 

Hence  the  rcsiatimcc  between  the  two  UotUnj' 
atttidicd  to  thtt  ezbreiiie  plates,  will  be  the  kuid  of  t 
resi.stanccs. 

744.  SpeciBo  Betistanoes  and  OondnetiTlUflii. — Kumeros 
inenterii  have  compared  tiie  ftpeeiHc  resistanoes  of  the  diffonokt 
Tliough  the  results  thus  obtained  exliibit  some  diversity,  M 
agree  in  making  ailvcr,  gold,  and  copper  the  throo  beet  eond 
Slight  tiupuritie».  especJally  iu  the  coee  of  co[^ier,  bftvo  a 
elfoct  in  diminishing  conductivity,  or,  ia  other  wurda,  in 
resistance.  IWUtAnce  in  aXaa  incceasod,  in  the  «aae  of 
increase  of  temperature;  but  tlie  oppoaito  rule  holds  for 
such  as  gutta-percha  and  india-rubber.  Their  electrical 
diiiiiiiinliin;  as  the  temperature  increasca. 

Forbes  has  puinted  out  tliat  the  order  of  the  toatala  u 
conductivity  for  heat  ia  the  same  as  tor  electricHj. 
imparity  and  of  change  of  temperature  are  also 
cases,  as  has  beeo  shown  by  Professor  Tait. 

The  followiag  are  £.  Bocquerel's  detvrminatiuns  of  iiptdlii 
trical  icsiataoce  at  t>i»  temperature  1&*  C,  the 
0*  C.  being  denoted  by  100:— 

SrKtm  BaarjJKBi  n  IB*  C. 

SflTcr, lor 

Coppor, lis 

Gold, lU 

Cadmluia 407 

ZiBii, *U 

Tto, TM 

On  oontparing  tliis  list  with  tjie  list  oE  thermal  i 
it  will  be  observed  that  the  order  U  procisely  the  Bas»  ■• 
comparison  extends,  and  that  the  numerioU  raluM  an 
inverse  proportion,  showing  that  electrical  and  ilMfinal  < 
ties  are  nearly  in  direct  prtqwrtion. 
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,740.  SinsUnoa  of  Liquids. — Tb«  nsiatanoe  of  Ucguida  «an  be  deter- 
on  simitar  principles,  tlio  current  being  tnuismiUed  beUraen 
>wo  pwmllvl  p\ateti  of  mot*l  iinniuntod  iu  tlu:  litiuid     Onu  form  of 
■ppantus  for  Uiui  purpose  in  reprei«nt«d  in 
Fig.  4>ii.     Care  must  be  taken  to  employ 
iBt&U  wbjvb  will  not  give  rise  to  electro- 
Bu>Ut«  foro*  l^  cbemic&l  oirtion. 

Tlie  resHtuicc  even  uf  tliu  b<«t  oonduct- 

Uquida^  except  mercui^',  in  enoruioiuly 

r  than  that  of  metala.     For  instance, 

round  numbers,  tbu  rcei&tance  of  dilute 

Ipliuric  acid  in  a  inillion  limca,  an<I  ibat 

sulutiuu  uf  Hulpbatv  of  iHipiicr  tvn  million 

les  gruiter  tlian  that  of  pure  ailvor.     Ttie 

tNUiiL-v  of  purp  water  is  very  mucli  grvftter 

vilbor  of  t))c«c-. 
In   itie  ovlU  of  a   galvanic   battery,  the    ttf 
rrenl   has    to   traverse  li<|ui(l   oonductoiB, 

tlio  resi&Unc«  of  these  Li  sometimee  a  large  part  of  titu  wltole 

taaoe  in  circuit     It  is  diniinJaheJ   by  bringing  tlie  pUtts 

tog«tla-r.  and   by   increasing  tbiiir  eixa,  Btneo  the  Eormer 

involve*  diniiiiutinn  of  teiigtb,  and  tlte  latter  ino^aso  of 

anA  iu  till!  liquid  conductor  to  be  travenied.     I'bis  i^i  the 

ly  advantage  of  litrge  platea  over  small  ones,  the  electro-motive 

being  the  same  for  both.    The  advantage  of  the  double  coppcra 

WotiastmiV  batter)'  (§  703)  is  similarly  explained,  tlio  rt^tanoc 

tliis  arrangement  being  about  half  what  it  would  be  wttit  cupper 

only  on«  side  of  the  zinc,  at  the  Hame  dLitance. 

746.  Choice  of  Oalvasometer. — The  circumstanoGS  which  should 

i<nce  the  choice  of  a  galvanometer  coil  for  a  particular  purpose, 

now  be  int«lligibl&    If  atout  wire  is  employed,  the  n»istAnoe  ia 

1,  but  it  ui  not  practicabli)  to  mtiltiply  convolntions  to  any  great 

.tent     Shrirt  ooiU  of  thick  wir«  un;  accordingly  employud  in  oon- 

iion  with  thermo-ptles.  the  resistance  in  the  pile  itself  Ibeing  so 

that  the  total  reaistance  in  dicait  is  nearly  proportional  to  the 

Bomber  of  oonvoluUous. 

Vhen.  on  the  other  Itand,  the  rcsistatMe  in  the  other  parts  of  the 

t  is  rery  cMinderablc  tlie  resintaooii  of  Uio  galvaxwueter  ooit 

imea  comparatively  immatorial.  so  that,  within  moderate  limite, 

dcHvclion  of  the  needle  is  nearly  proportional  to  the  number  of 
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vonvolutioiw.  and  a  ooil  compos«d  of  a  great  length  of ' 
the  maxiiuuni  etTect. 

In  both  eauea,  for  a  given  length  and  diameter  of  win^  { 
bility  increases  with  the  conductivity  of  the  metal  cofa[ 
wire     Copper  is  the  metal  univeisally  cmployod,  and  ita 
of  imineiise  ttnportAiice  for  purposoa  of  dolicacy,  as  irDpuritiotfl 
increase  it^t  rwsistance  by  50  or  even  100  per  cent 

747.  Divided  Circuits. — When  two  or  more  wires  are  i 
arries,  so  tlmt  whatever  tlowa  through  onv  must  Sow 
Ute  re»i«taru;e  o/  the  whoU  is  the  sum  of  the  rwMtonoM  4>f  i 
comjmsinff  it 

On  tho  other  hand,  when  two  or  more  wires  are 
paralM  circttit,  bo  as  to  constitute  so  many  independent  diU 
of  coniinunicatioQ  bctwMm  the  same  two  points,  the  joint  niM 
is  evidently  \«a  than  thv  resistanco  of  any  od«  of  tb«  wtres.^ 
such  an  ormngomvnt  occurs  in  any  part  of  a  circuit,  the  dm 
said  to  bo  ditncled.  If  the  several  wiroi  ara  of  thu  sanw 
material,  th«y  act  i»  one  wire  having  »  section  equal  to  i 
their  sections,  and  the  joint  rc^ibitanco  ia  tlie  quottsnt  < 
ouco  of  one  of  the  wires  by  the  number  of  wins. 
if  the  reciprocal  of  the  resistanct  of  a  conductor  be  ' 
ducting  power;  the  eondueting  power  of  a  8\/»ttm  of  wirre  I 
nedetl  at  both  ends  in  the  mm  of  Ms  condttcting  powon  o(  < 
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wires  which  compose  it.    Thus,  in  Fig.  483.  if  rt,' 

resintances  of  the  wirus  acb,  adb,  their  joint 

given  by  the  equation 

1     1 


»=^ 
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n  of  pnicuiily  ^imikr  ctlU,  i-Bch  having  electro-motive  force 

resistanoe  r,  ami  that  wv  connect  ihoiD  in  a  series,  as  in  Figs. 

f,  458,  with  a  c(Hi<luctor  of  roaiataoce  R  jotnin;;  tiictr  pok-s.     "Hie 

le  electro-motivo  force  in  the  circuit  will  tliim  ben«,  and  the 

Die  mlAtaDce  will  bo  n  r  +  11;  hence   llie  strength  of  current 

bo 


c= 


■  r+R' 


formula  shows  tliat,  if  the  external  n'-'iiftanoe  K  k  much  greater 

the  reeistance  in  the  battery  n  r,  any  change  in  the  number  of 

will  produce  a  nearly  proportional  change  in  the  current;  but 

when  thtt  external  reaistanoe  is  much  less  than  tliat  of  one  cell, 

Lis  the  aifiK  when  tJte  pole*  are  connected  by  a  short  thick  wire,  a 

in  tlio  number  of  celts  affects  numomtor  and  denominator 

tt  alike,  and  prodoctt  no  sensible  change  in  the  current.     It  is 

Bible,  by  connecting  any  number  of  similar  cells  in  a  serUt,  to 

a  current  exceeding  -',  which  Is  prcciaoly  the  current  which 

'  of  the  cells  woaM  give  alone  if  its  plates  were  well  conncctetl 

abort  thick  wire. 
It  ia  possible,  however,  by  a  different  arrangement  of  the  cellN,  to 
a  cunvnt  about  n  times  stronger  than  this,  namely,  by  oon- 
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all  the  ziae  plates  to  one  end  of  a  con<li)ctor,  and  all  the 
I  or  uippi-rs  to  t)ie  otlior  end,  as  in  Fig.  4S4.  In  the  nrraiigc* 
lit  of  three  oells  Itero  figured,  tlie  current  which  passes  tliruugb  the 
1  oonnecting  wire  is  the  sum  of  the  currents  which  lhi<  Lbn-e  celli 
give  arparately.  The  arrangement  is  equivalent  to  a  single 
iwitlj  jilotus  three  times  aa  large  superficially,  and  at  tlte  same 


I{  ID  Tig.  484  we  substitute  For  each  of  the  i 
consisting  of  fuur  coIIb,  the  electro-motive  force  in  ■ 

and  tlie  reststfljice  in  circuit  will  be  -/  +  B,  f or 

resistanco  of  4  r,  and  tbree  parallel  Beries  connects 
equivalcut  to  &  single  sorius,  of  ttie  same  electro-m 
of  tb(!  component  series,  uid  of  one-ttiird  Uie  retiistl 
will  tliert!fore  be 

4*        n<        4 
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The  (jueation  often  arisen,  What  ia  the  best  niani 
given  number  of  oella  in  order  to  give  the  etrongen 
through  a  given  external  oonductor?  The  answer  I 
so  grouped  that  tlio  internal  and  external  roftiflta 
ncArly  as  possible  e{]ual;  for  example,  if  we  have 

and  the  resistance  R  in  the  f^ven  conductor  ia  ^  of 

one  of  thcso  cells,  (he  arrangement  just  describMl  ii 
749.  Distribution  of  Potential  in  a  Voltaic  Oir 
electrodes  of  a  battery  arc  not  connected,  tbeir  iliflca 
supposing  them  to  be  of  the  same  metal,  is  a  me 
motive  force  of  the  battery.  On  joining  them 
their  ditference  of  potential  will  bo  diminif>hcd,  i 
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ion  of  tti«  wliolo  el«ctTO*nioUvc  foroo  that  the  roiistanoe  in 
eonnecting  wiro  it  of  the  whoto  ruusUucc.  This  follows  at 
UM  trom  the  principle  that  the  gradual  falls  of  potential  in 
Ufareni  portions  of  Uie  sauie  single  circuit  are  direct]^  oa  tb«ir 
riMances. 

■i  a  battery  of  four  cells,  like  Hint  rcprwMotod  in  I^lg.  447,  wben 
M  rxtr<'niv  ptatca  an  oonni-ctt-d  \>y  a  wire  wlioM  nwtstance  in 
mUe  tliat  of  tlio  battery,  the  fall  of  potential  in  tJie  connect- 
Ill  wire  will  ho  two>thirtU,  and  the  fall  of  polential  in  the  ))at- 
■jr  will  be  one-third,  of  tl)e  whole  electro-motive  force.  To  avoid 
BetiaiB.  let  the  electro-motive  force  of  uicli  cull  be  denoted  by  3. 
the  total  olectro-inotive  furoc  will  be  12.  the  fall  of  potential 
connecting  wiro  will  be  8,  in  the  battory  4,  and  in  oitch 

n. 

dixtrtbution  of  potential,  both  before  and  aft«r  making  con- 
is  exhibited  in  the  two  oolumna  subjoined,  the  connecting 
being  suppoBod  to  be  of  copper,  aii<]  to  be  oonnectod  with  the 
doM  to  itfl  junction  with  the  tint  jiinc  plate,  so  that  this  end 
wire  will  always  be  at  zero  pot«»tiaL     We  may  suppoctc  cou- 
to  be  broken  by  disconnecting  the  other  end  of  the  copper 
I  from  the  last  copper  plate. 
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g  distribution  of  potential  when  connection  Is  made  is  gnphi- 

niinHnt«d  by  the  crooked  line  A. ^2547090  (Fig.  485); 

being  representod  by  liorizontAl,  and  poti'MtinU  by  vertical 

A  C  rcpfwtents  the  total  resit.l.snco  iu  circuit;  A  li  Ifcin^ 

ilxtanoo  of  the  battery,  and  B  C  that  of  the  connocting  wiz& 
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oum's  law. 


A  D  represents  the  total  electro-motive  force.  The  pomlat 
aro  lo  be  regarded  as  identical;  in  oUier  wordii,  tlie  diipiB* 
to  bo  bent  round  a  cgrlinder  so  aa  to  make  oue  of  theta  ptU 
upon  tlio  other.  h 

7A0.  UcaHurcment  of  Rosistaaoo  of  Battery. — ^The  ttaUl 
battery  may  bo  mciwur«d  in  various  wayK,  of  whiclt  wo  ihal 
with  Uie  Amplest 

Let  the  poles  of  the  battery  be  <lirecUy  oooDcet«<t  wilb  i 
meter  whone  resistance  is  either  very  small  or  accumtolj  1 


-1 


let  the  dvftiMition  be  noted.     Then  let  a  wire  of  knoi 
introduced  into  the  circuit,  and  the  deilecUon  again  not 
currents  thus  measured  will  be  invci^ety  as  tlie  resia 
electro-motivo  force  is  the  Mme  in  both  cases.    Let  the 
the  galvanometer  coil  be  denoted  hy  0.  tluit  of  Ibe  wiraj 
in  the  second  case  by  W,  and  that  of  the  batt«ry  by  x. 

amoimts  of  current  bo  denoted   by  Ci,  C^  we  bavv^^ 

whence  x  can  be  determined.  ■ 

This  mode  of  determination  b  not  very  aocuraia;  in  I 
place,  because  tbe  electio-motlve  force  of  a  battery  is  oot  a  I 
ijuantity  but  usually  diminishes  as  tbe  current 
seoondly,  because  thu  measurement  of  a  current  by  a 
ia  not  a  ver)-  exact  operation.  Some  better  mutliods  will : 
later. 

7S1.  MeasuremeDt  of  Electro-motire  Force. — The  i 
of  coniparing  the  electro- motive  forces  of  cells  of 
would  \Ki  to  observe  how  many  cells  of  the  one  kind  i 
luu^t  be  opposed  to  a  given  number  of  the  other  kind,  in  i 
the  resultant  electro-moUve  foroe  may  be  nil  as 


KKASmtKHEKT  OF  ELBCTBO-XOnVB  FOBCC 


7sa 


of  deflection  in  a  giklvaunmeter  forming  p*H  of  tho  dreuit. 
•ample,  if  two  Darnell's  celln  and  one  Grove's  cell  be  coniiecU'<l 
^  nch  other  and  H-ith  a  gaK-anometor,  in  such  a  manner  tliat  Uie 
*l«it  dua  to  the  Danicll  is  in  one  dirocUon,  and  tluit  due  to  th« 
is  in  tl)«  oppotfitc  direction,  tlio  current  actually  ptxxluced  will 
kin  tli«  dinsction  of  the  greater  electro-motivo  force.  It  will  thus 
iibown  whether  the  electro-motive  force  of  a  Grove's  cell  ia  uore 
tho  than  double  that  of  a  Daniell'R.  This  method  has  not  been 
well  u.sod. 

Another  method  of  compariaon  consists  in  first  ctmnecUn^  (be  two 
lb  to  be  compared,  so  that  their  electro-motive  forces  tend  the  same 
tf.  and  then  again  connecting  them,  so  that  they  tend  opposite 
tj9,  tlia  Rwultant  current  U-tng  observed  in  both  cased  with  the 
B«  galvanometer.  The  n^taiioo  in  circuit  is  the  same  in  both 
Ml,  bein)^  the  nwistanco  of  tho  galvanometer  plus  the  .sum  of  tho 
dstancoft  of  the  cells;  henoo  tiie  currents  will  be  .•limpIy  as  the 
lotto-motive  forces,  that  is  to  say,  as  Ei-f  E^  to  £,-£>  if  E,  and 
^•daaotfl  the  electro-motive  forces  of  the  oella.  Hence  the  ratio  of 
I  lo  I'^  is  easily  oomput«d. 

Thia  method  is  liable  to  tlio  objection  tJiat  increase  of  current 
VM  increase  of  polarization  (§  731)  and  consequent  diminuUon  of 
Mtro-moU%'e  force;  buoidus  tlie  obji-ctiou  that  the  mvasurument 
pands  upon  the  reduction  of  the  indications  of  a  galvanometer  to 
bportional  meaanm 

:7SS.  DetermfoatioD  hj  Electrometer. — The  statical  electro-motive 
H*  of  a  batUTy  or  c«U  (lliat  is,  its  electro-motive  force  when  no  cur- 
is  paasiug,  the  poles  being  disconnected)  can  be  dirvctly  observed 
locting  its  poles  to  opposite  quadrants  of  Thonuon's  electro- 
for  tlie  im>tnimeDl  vrill  then  show  thu 
of  potential  between  them,  and  tlii» 
iKM  of  potential  is  tho  olectro-uotivo 

L')U.  Latimer  Clark's  lC«thod.~Ai>othcr  luocle 
statically  comparing  electro-motive  forecs  b 
by  Fi«.  4H6.     A  Utti-ry  of  greater 
vo  force  tlian  eitlicr  of  those  which 
ba  oomiwrcd  is  employed  to  send  a  cnr- 
rraad  a  circuit  or>ntaining  a  series  of  known  resistances.    Dy 
I  hw,  the  difference  of  potential  between  two  points  in  this 
t  la  proportional  to  the  TcsistoDCO  between  tltom.     In  the 
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r^.  M.-lMMrClMfc-« 
UMhoa 


aof  ly 

foandt 


"^rTOnfflmetef  which  stKnre  ^rhat  current  ib  {nani 
bfttUTj-  E,,  and  this  current  ia  to  bo  reduced  to  z 
chooxin^  tlic  points  Aj  B,.  In  like  mannw  tlie  ciui 
and  Uj  i;»  to  be  rodacod  to  tan  by  proper  choice  of  t 
Then  the  electro-motire  force  of  E,  i«  bo  tluU  of 
A,  B,  ifl  to  tho  resistance  A,  B^. 

By  tltis  method  Sir.  Ijittmer  CInrk  hiu 

electro-motive  forces  of  a  ovil  of  Urove,  BunMn,  D) 

liwton  Kro  approximately  aa  100,  98,  fiO,  and  40.    Tl 

U'ing  a  ore-fluid  battery,  is  liable  to  fall  off  50  pi 

when  in  action,  owing  to  the  d«po«ition  of  hydrcai 

plate.  f 

754.    Simultaneous  DetenniaatJon  of   Eleotn>-mo 

Sasiat&nce. — The  following  method  gives  tlte  alect 

of  a  battery  through  which  a  current  is  passing;  u 

reaistanoe  of  t>i«  battery.  fl 

B  (Fig.  +87)  ia  the  battery,  which  sends  a  cnni 

drruib  PSQ  It,  containing  two  variable  rtsbtatMxa, 

resUtanca  S  is  to  ha  variad  until  t 

potential  betwcmi  its  ends  P  ani 

the  statical  diflerenoe  of  potea^ 

poles  of  a  standard  cell 

abaence    of    a    current 

mater  O. 

B  is  then  to  be  inoreaaed  by 


I  poteati 

U  C.|| 

throf 


wbeatstone's  bbidge.  7SS 

is  |,  and  is  also  ^fx^-    ^°  "**T  Uicrefore  equate  those  tw* 
,  and  b^'  alternation  we  liave 

riy,  from  the  eeeoiid  oxperintent,  we  have 

-  g_  m 

citig  tho  ditreronoM  of  nuuioraton  and  denominatora  we  deduce 

iticm  wliich  dut«nnioiiB  tlie  value  of  E,  since  «,  $,  and  r  are 

in  Itj  equating  the  right-hand  tnenibvra  af  (1)  and  (3)  and 

tiDg  unitx.  we  obtain  -^=j,  whence  B=^'— R;  thus  th« 

B  of  Uie  Imttory  ia  dft«ntiined.     It  ia  advantageous  to 
rRxfTft 

Clark's  Standard  Cell. — The  standard  cell  commonly  employed 

cli  (.v>fflpari3ons  is  that  of  Mr.  Latimer  Chirk.    "  It  is  formed  ly 

;  pore  mercurj'  as  the  negative  clemonti  the  mercury  b«ing 

puto   made   by   boiling    niercuroua  euljihate   in   a 

'  ■atnrat'-d  Nolntion  nt  xinc  nuljitinto,  the  potutire  clement 

'  of  pure  dixtilk-d  zinc  resting  on  the  peate."     It  moat  not 

for  producing  a  current;  but  its  statical  electro-motive  force 

oonst&nt  Btid  porninncnts 

Wbwtatoae's  Bridge.— In  any  wire  tlirough  which  a  current 
oteadily,  witliotit  leakage  or  lateral  ofTshoot^,  the  omouui 
I  current  i«  t-iiiiiil  to  the  ilifertnce  of  [K/teutial  belvxen  the  rnd« 
I  win,  dii-idrtt  6y  the  T(ti»tanc«  of  the  wire,  the  unit«  uniployod 

Uie  same  as  those  which  make  C=b  for  the  whole  circoit 


thing  ia  true  for  any  portion  of  the  lengtl)  of  sucti  a  wire, 

,iitiU  more  generally,  for  any  portion  of  a  circuit,  whuth«r  Hinglo 

termiaated  fry  equipotential  crotmsectiont,  yirovidtui  that 

of  electro-motive  force  occurs  in  it     It  follows  that,  in 

along  audi  a  wiru  with  the  current,  the  fall  of  potential  ia 

tiooal  to  the  resixtance  IravcUud  over,  or  tqual  j'alU  0/ jtoten- 

cur  in  tratvming  equal  fwsutottoea:    Utia  rule  docs  not  apply 

oomparisoD  of  the  two  independent  channels  of  a  divided  cir> 


ris.  tM— WliHUIan«>  BriJs*. 


was  applied,  fin 
aiwl  afterwiu^  ' 
Thomson,  and 
meaaarement  of  | 
apparatus  emplo] 
pose  U  known  as  Wlteat^tom'a  bridge,  and  u  typinU; 
Fig.  488. 

Tliu  poles  P,  N  of  a  battery  are  coonociod  hy  t 
channels  of  comiDunication  ACB,  ADJEB,  Thefon 
wire;  the  latter  consUtji  of  the  wire  1),  whose  reoistan 
mined,  and  of  a  standard  resietanoe-coil  E.  The  oba 
iU  immediate  objuet  to  tmd  wliat  point  in  the  untfoi 
t1i«  same  poti-titial  a.i  Uic  junction  J  of  the  other  t 
p(Mnt  C  is  found,  and  oonncctod  witli  J  through  1 1 
no  current  will  pa-sa  acri»9,  and  the  n«edle  of  tbe  gl 
not  move.  If  a  point  Ci  on  the  positive  side  of, 
with  J,  a  current  would  run  from  Ci  to  J,  and 
negative  side  were  connected,  the  current  would 
The  deflection  diminishes  as  tho  right  point  C  ia 
becomes  reversed  in  passing  it.  When  it  is  found  w 
resistances  in  AC  and  Cli  liavo  tlio  same  ratio  as  th 
ead)  of  those  ratios  being  in  fact  equal  to  the  fall  of  p 
A  and  JC  divided  by  the  fall  between  JC  and  B.  i 
of  E  is  known,  and  the  resiat&oocs  of  AC,  CB  are  ■ 


lid" 


Uioe  tssr. 
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i7S7.  Loop  Tost. — The  following  raeUxxl  of  finding  tlie  poeition  of  a 
U  in  ft  telegraph  wire  is  an  ftpplicalioii  of  Oiu  principle  of  ^Vhoai- 
tt'a  bndgo.     Wo  auppunu  thu  fault  to  consist  in  low  of  inaulAtion 
point  of  tlra  wire,  so  that  tlie  rcftistanco  between  tJiis  point 
,  the  grounii  iii  caueh  Ion  than  it  ought  to  be,  though  it  may  Ktill 
I  greftt  as  tliat  of  some  milea  of  wir& 

lie  tault  is  kauwQ  to  be  betM'een  two  given  ataUons.  At  one 
tboM  stations  let  tlio  «uil  of  tliu  fuully  wire  be  joined  to  the  end 
•noUter  wire;  and  at  the  otJior  station  let  the  «uds  A,  B,  of  Uie 
two  wires  Iw  put  in  oonnection  with  the  two  yxAm  of  a  battery 
i6Q).    Also  let  A  and  B  be  oonnectc-d  by  a  circuit  containing 
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varinble  resiatonccs  D,  E,  and  let  on  intenoediate  point  C  be 

Bii,  through  a  galvanometer  G,  with  the  ground.     Let  the 

OM  D,  E,  be  made  such  that  no  cunrent  goes  through  the  gal- 

aiuti4iu>r.     Then  we  know  that  the  point  C  lia-«  the  same  pot<:nttal 

*-  •'■-  earth,  and  in  these  circumstancc-t  the  faulty  point  J  of  the  wire 

ilto  be  at  the  potential  of  the  eartli;  for  if  Uiere  were  a  current 

■■^«r)ii<>  through  the  fault  to  the  eartli  the  battery  would  be  ste&ilily 

p.  ~~-~r;  (ijT  clectridly  of  one  sign  while  having  no  outlet  tor  electri- 

:'  the  opposite  sign,  and  this  cannot  be.    The  points  J  and  C  are 

fore  at  the  saitic  potential,  like  tlie  points  J  and  C  in  Fig.  488; 

I  eotnpamoD  of  the  two  figures  shows  that  the  same  reasoning 

to  both.    The  loop  A  J  B  funtied  by  the  two  tel«gr«ph  wires 

efore  divided  by  the  point  J  in  tlie  ratio  of  the  two  known 

D  and  E.    That  is.  wo  have  ^^2bJ=J.    This 

kftmniseo  the  poAition  of  the  point  J. 

^Btta  poeitiuuH  of  the  battery  and  galvanometer  may  be  inter- 
^Boged.  as  in  Fig.  490,  and  tlie  equation  above  obtained  will  still 
^^  ily;  for  when  no  current  flows  through  the  galvanometer  in  this 
_=  IT  arraugeiucnt,  the  two  paths  C  D  A  J  and  C  E  B  J.  which  lead 
J,  must  be  divided  proportionally  ut  A  and  B. 
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tad^mifa.' and  vntlng  th«  names  M 
Mien  io  them,  Ui«  condition  ix 

AC.BJ=BO.  AJ, 
whero  each  moinber  of  the  cquafclon  iit  tliu  product  ( 
in  oppo»t«  branches.  When  this  condjlioa  is  fulfi 
log  pair  of  op|>oaite  branches  AB  and  C  J  ar«  OODJ 
say,  a  battery  in  one  producoa  no  current  in  the  o 
metry  uf  the  relations  showi;  that  tlio  battery 
with  Uic  galvaiiomutor. 

759.  Ooi^agate  Braochea  wbcs  there  are  8«TeraI 
Uicre  are  batt«riea  in  more  branditi:t  Utati  van,  Uk 
branch  will  be  the  algebraical  sum  of  the  curretita  d 
batteries  considered  separately.  Hence  when  tl 
between  the  two  products  of  opposite  reaistaaoea,  a 
the  current  in  dthor  of  the  two  remaining  bnnd 
pendent  of  the  olcctro-niotive  foroc  of  Uic  tiatteiyl 
those  two  branches  are  ittiJl  said  to  bo  ooiyugato,  1 
resistance  of  any  branch  which  contains  a 
tlie  battery  must  of  course  be  included. 

Thus  far  we  have  not  discussed  the  effect 
in  one  of  two  conjugate  branches.  The  in 
resistance  into  any  branch  can  affect  the  current  in 
altering  tlie  diffet«nce  of  potentials  between  the  en! 
ami  the  same  remark  applies  to  the  introduction 
electro-motive  force  into  any  branch.     Two  ehang 


iugat«.    ] 
bait^ 

nnxKi^H 


CONJUGATE   BRAKCBKS 


789 


r\t  M.-- 


-IIWOIT  Ol 

DnaabH 


otConJ^il* 


Aa  this  WMpning  may  appear  doubtful  to  aome  of  oar  readera,  we 
jbjoio  a  fonatl  invostigatioii  Icailing  to  the  some  result. 
760.  InTMtifttioii  of  Condition  of  CoqJagatcneu.~Lct  A,  B,  CJ 
488  or  Fig.  i9l),  bo  four  pointe  connected,  two  uid  two,  by 
brancbefi.     Let  the  rc8i»t«noo  in  the 
oonnectiDg  A  oiid  It  Ix;  denoted 
A  B  or  B  A,  and  the  electro- motive 
in  it  (poBitJTe  if  teoding  from  A 
B)  by  ab.     Let  tbe  current  iu  (his 
(powitivo  if  from  A  to  B)  be  de- 
by  y,  and   tb«  curronU    in  the 
BCCA,  by  ..^     Th^n  thv 
it  in  the  brandi  A  J  (i>a«ttivo  tf 
A  to  J)  will  be  0—y;  for  Uiis  cur- 
it  to^i-tlier  with  r  canriMi  off  bom  A 
Mipplr  brought  by  fi.    Similody,  the  currents  in  B  J.  C  J,  will 
y-  a.a~fi,    Th«n,  since  the  sum  of  the  falls  of  potential  in  trnvi;!- 
round  a  circuit  must  equal  the  aom  of  Uio  rise*,  we  have,  for  the 
ait  J  B  C,  the  c<|uation 

g'sSbailarly,  for  tlie  circuit*  J  C  A,  J  A  B.  we  have 

y.Ati*ly'»th.}*  >'Cl  JA^oA^V^J'- 
ThMO  thrm  equations  an:  miflkivnt  to  <Ietormine  tJie  tliree  our* 
I  a,  fi.  y,  in  tcmui  of  the  elvctro-moUTe  forces  and  reatstnncea, 
[oltipl  ving  the  equation!)  in  oriler,  by  1 ,  ^,m  (t  anil  fi\  )«-ini.'  tiiultipliera 
'  bo  afterwards  dct«niiined),  and  ad<ling;  the  coefficients  of  u.  |),  y. 
be 

Bc+a-ocj+a-^iBj. 

i.0A4-(I-M)  AJt(/-l)CJ, 
«.AB+(m-1>BJ+{b-0AJ, 

.  the  aecoud  inemhur  of  the  equation  will  be 

t<  1-1.  rat  >.•»  +  (!- ■)<v  ■*■(■- i)4r't-li-n^- 

To  find  the  value  of  a,  we  niuat  equate  the  cocfficicnta  of  0  aiwl  y 

irvi\.  and  tlien  divide  the  tvccond  member  by  the  coefficient  of  «. 

iflltclro-motive  force  aj  appears  only  in  the  term  (j-m)  u/.and 

«  roststanoo  A  .1  only  iu  the  tomw(I-Tn)  AJand{m-0  A  J.   Henc« 

«  equally  of  { to  m  ta  the  oonditica  alike  of  tlw  disappearance  of 


farce  and  rmiHance  in  the  otiwr. 

761.  Thomson's  Uethod  of  Mauuriiiff  the  Beaistai 
meter. — The  reabtance  of  a  galvuioincter  can  bo  u 
the  nae  of  another  galvanoiiieter,  by  the  fullowinf 
Sir  Wm.  ThoniHon.                                                     h 

111  u  systi-iit  uf  Hix  brandies  joinini;  four  ]ioin4| 
a  contact  k«y  rc^pcctiv«Ij  be  in  odi:  ]>airof  opiwsita 
if  the  products  of  tb«  n*»i-it&ncc9  iti  oppixtite  bronc 
the  four  reinaiiuDg  |>aJrs,  we  know  by  tj  7M  that 
pass  through  the  branch  contuning  the  key,  and 
brgaldni;  contact  with  the  key  will  be  nuf^atory;  h« 
nivtur  will  not  have  ibt  duDoction  ftltvrtxl  by  iiialc 
contact  with  the  key.     The  ttxpcrioient  is  to  be  on 
ing  the  resittanco  in  one  of  the  branches  until  tlie  1 
on  the  galvanometer.     The  reaistAnoe  of  tlie  galva 
calculated  from  the  equality  of  the  products  of  opp 

This  method  wiis  siij;'^'csto>l  by  th«  following. 

762.  Uonoe's  Uetliod  of  findiDf  the  RwiatuiM 
In  thia  method  a  galvonoinotor  ojtd  «  cttntoct  ks} 
opposite  branches,  and  the  battery  is  in  otw  of  the 
branches,  while  tlie  other  three  contain  known  i 
obaorvation  is  made  by  varying  one  of  these  rei 
galvanometer  is  not  affected  by  the  key.    It  is  tliei 
branches  containing  the  key  and  the  galvanomeb 
and  tlu^rcf'jru  that  tlic  piwJuctA  of  0|^KH!it«  nssistani 
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Heating  of  Wires, — Tlio  hoAting  of  a  wire  b;  t1i«  pum^v  of 
at  may  Dinvcnicntly  bo  exhibited]  by  the  aid  of  Uie  ftppamtus 
Dt«d  in  Fi^.  4^2.    Two  uprights  mountcH  on  a  sloiid  arc 
MJ,  at  (liOeront 
,     with     pftirs 
ititod  Inndiiig- 

aa',  bb',  ec', 
wires  stretch<-cl 
1  them.  A  nir- 
a  thus  Iw  sent 
1  any  one  of 
«s,  by  coiiiMsct- 

UnniDidii  of  a 

with  the  bi&d- 


(WB    at    ilfl    eJt-  ris  Nt.-8lM4  fm  B«>ltnx  Wlnfc 

».     When  thb 

I  with  a  Inttcry  of  suitable  ixiwer,  tlte  wire  is  flrat  seen  Us 
B  consequi^Dce  of  expansion,  then  to  redden,  and  finally  to 
MDDuog  inflaniod  if  the  metal  is  niiflicieiitiy  combufitiUu. 
fil«  ia  attachird  to  one  of  tliu  tvnuinalii  of  a  Ixitt^Ty,  and  iht- 
emiinol  ia  dnwn  along  the  lile,  a  rapid  iiuoccmion  of  »)»rk!i 
obtained ;  and  if  tlie  battery-  bo  itutlidontly  powi-rf iil,  globulea 
ideseent  metal  will  be  scattered  about  with  brilliant  affcH. 
Jonle's  Law. — llie  energy  of  a  cuireiit  is  equal  to  tbe  product 
oantity  of  (ttectricity  that  \iaaafS  and  the  electro>motive  force 
veo  it.  As  the  numerical  measore  of  a  current  b  the  quantity 
ridty  which  pamett  in  unit  time,  it  follows  tlutt  tho  energy  of 
it  C  buiting  for  a  time  (.  i»  EC(.  E  denoting  the  electro-motive 


"^nerated  ~t^~a~cufrenE  under  orainsry  etrcamsouMe 
inents  hnvo  ufiually  been  conducted  by  passing  a  cm 
spiral  of  ivir«  immersed  in  water  or  alcohol,  and  obaa 
tioD  of  tfuipeititur')  of  the  liquid. 

This  law  of  JouI<;'9,  like  that  of  Ohm,  may  be  ikpgi 
of  a  circuit,  as  well  as  to  the  circuit  cousidorcd  as  a  v 
say,  if  the  circuit  confusta  of  parte  whose  reaistanoet 
the  quantities  of  heat  generated  in  them  are  reqi 
C*  r,  t,  .  .  .  ,  and  are  therefore  proportional  to  the  i 
...  of  the  respective  parts,  »inco  C  and  t  are  neoei 
for  all. 

765.  Relation  of  Heat  in  Cironit  to  Chemical  Actit 
The  energy  of  a  current,  and  conse(niently  the  heat  d 
circuit,  U  the  exact  equivalent  of  tlie  pateotinl  uofl 
affinity  which  runs  down  in  the  cells  of  the  baite^l 
verified  o^proximatuly  by  Joule,  has  boon  uiuro  aocni 
by  the  experiments  of  Favro,  who  introduced  into  tl 
mercurial  calorimeter,  already  described  and  figurftd  i 
voltuc  cell  wiUi  its  poles  connected  by  a  Snv  wix«, 
the  consumption  of  ^3  grammea  of  ane  in  tho  eel]  eo 
generation  of  heat  amounting  to  18,796  gramnifH]*) 
chemical  action  iu  the  cell  is  complex.  The  39  gnum: 
wiUi  8  grammes  of  oxygen,  and  in  so  dotn^  genenia  ■ 
degrees.  The  couibinatton  of  thuso  41  graounea  of  ox 
40  grammea  of  sulphuric  acid,  prodaocs  ]0,4fi0 

1^ : M  EnruwT     *«    • 9_^i ■i.-a 
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7S6.  Dutribntion  of  H«at  lo   Oirenit. — ThoM  oxperimenta  also 

to  vf  rify  tliu  ap{>ltcatioit  of  Joule's  law  to  «ac])  i>Rrt  of  tlio 

ouit   Donsidereit  8e]>arat«l^.      By  intioducing   tlitt  coll    into  tiw 

lufflo  nbiUt  a  spinU  of  fine  wire  connecting  the  [xiles  was  outride, 

1(1  then  introducing  the  spiral  while  the  cell  was  outside,  Favie 

able  to  measure  soparatcly  th«  beat  genorated  in  the  cell  and  In 

!ie  spiral,  and  tlieso  ivoro  found  to  b«  proportional  to  tlieir  resixt- 


If  wins  of  dirtcrant  diameter  or  of  difTereut  electrical  conductivity 

parts  of  the  same  circuit,  ao  as  to  be  traveraod  by  the  aanie 

t,  the  bad  conductors  will  become  more  heated  tlian  the  good, 

the  Gne  wires  more  than  the  ooanto.     All  parts  of  the  length  of 

imUonn  MTiro  will  be  unifonnly  hcalod.    The  specific  resititaace  of 

ia  lAn  times  greater  than  that  of  copper;  hcneo  ten  timm 

much  Itcat  will  be  generated  in  a  platinum  aa  in  a  ooppur  wire  by 

given  current,  if  the  diametvi's  uf  the  two  wires  be  the  same. 

The  eUvation  of  Umperatun  la  greater  in  a  tine  thtut  in  a  ooarae 

I,  not  only  because  of  its  greater  rt^istauce,  whidi  leads  to  the 

ment  of  a  greater  quantity  of  boat  in  it,  but  aUk)  on  account 

ItM  unallcr  cajmcity  tor  heat,  and  its  smaller  surface.    When  the 

t  !■  paned  for  bo  short  a  time  that  the  heat  emitted  may  be 

the  elevation  of  temperature  varies  directly  as  Uie  rwisfc* 

per  onit  length,  and  inversely  aa  the  capacity  per  unit  lei^tli. 

ruiistance  \'ariQs  iovcrwly  and  the  capacity  directly  as  Uie  sec- 

of  the  wire,  and  honcu  the  olovutiun  of  temperature  is  inversely 

the  stjuare  of  Utu  section,  or  as  the  fourth  power  of  the  diameter. 

Od  tlie  other  han<l,  if  the  current  be  contiuuod  till  the  permanent 

re  is  attained,  eaiwcity  n^^tscii  to  luve  any  influenci*,  and 

beat  omitted  in  unit  time  munt  bo  W]ual  to  tlio  heat  n-cuivtHt. 

St  denote  the  elevation  of  t<etni>eratuie,  the  ttcat  omitted  is  ap- 

ixinuktely  SvrBx  by  Hevton'a  law  (§  401),  r  being  the  nidiiutof 

wire,  ami  B  a  conNtniit.     Tlio  heat  received  ia    -^  A  being 

or  constant.  By  equating  these  two  exprcfnions,  we  find  that 
"•^j-  is  i^jHiil  U)  a  constant,  and  honce  x  varies  inversely  as  r*,Oiat  in. 
t^  elevation  of  temperature  is  inversely  as  the  cube  of  the  diameter. 
^^L  To  obtain  the  moat  rapid  production  of  heat  in  the  circuit  con- 
^^P^tfCd  as  a  whole,  we  must  roduoo  the  resistance  to  a  minimum; 
^V  f  the  heat  produced  in  unit  time  is  EC,  which,  by  Ohm's  law,  is 

^^  M  HB»  aa  g .  and  therefore  varim  inversely  at  R  tliu  total  resistanoo.  a 


It  wtm  found  thnb  whcD  th«  armature  waa  fij 
mechanical  vork  cotilil  be  pcrfonn«d,  the  favat  del 
precise  equivalent  of  the  clieniicitl  action  which  to 
battery;  but  when  the  electro-magnet  was  allow 
weight,  the  amount  of  heat  tndicat«d  hy  the  caloii 
sibly  lefjs.  The  ilitference  waa  measured.and  compan 
done  in  raiiiiog  the  weight  The  comparison  indi 
grammetres  of  work  for  vach  kilogrammc-dt^ree  o 
appeared,  a  rvsultwltich  agrecK  Kutticieiitlr  well  witl 
vnliK-  (if  Joule'i*  equivalent  (425  kilogrammetres). 

768.  Thermo-electric  Currenta. — Electric  currraiti  r 
by  applying  heat  or  cold  to  one  of  tbejunctionBinai 
of  two  different  metalts.    This  was  first  shown  by  Si 

in  1821.  It  mi 
by  employing 
frame  (Fig.  40! 
aides  fonned  of 
and  the  fourth 
bismuth.  It  mi 
the  mngnctic  IS 
maj^netiEed  d«m3 
On  heating  oiw 
with  a  Rpirit-ll 
will  he  defiecied 


W\f.  IIiI,-Tli<TiD"<ltrtifc  Cuntiit 
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to  Uie  warmer  jtitidion.    Antimony,  if  «inploycd  Instead  of 
r,  gives  a  still  more  pov.-<-rfui  cfToct. 

769.  Tbougb  a  circuit  compooed  of  bismuth  and  ontimoDy  is 
jfWdaUy  saaceptibla  oC  thonno-electrio  excitation,  the  property  is 
ppMMMtj  la  a  mora  or  Ism  uarkwl  degree,  by  every  ciicuit  composed 
if  two  tnotaU,  and  even  t^  eir- 
nita  oomposad  of  tbeaame  metal 
n  different  elates.  If,  for  ex* 
iBDplf,  a  knot  or  a  helix  (as  in 
1};.  ttH),  be  formed  in  a  pii-ct'  of 
■latinun  wire,  and  livat  applied 
it  one  side  of  it,  a  ctirrvnt  will 
le  Indicated  by  a  deliimttr  ^nlvnnon)«t«r.  In  m&talM  which  are  tuiaalt^' 
toterogeneotLs  in  their  structure,  auch  an  iMsmuth.  it  is  not  unoom- 
Doo  to  find  cunvntA  produced  by  heating  parta  which  appear  quit« 
inifonn  If  the  ends  of  two  copper  wires  bo  Wnt  into  hooki*.  an<l 
ISO  of  thvnt  Iw  hr-Atcd,  on  placing  them  in  contact,  a  cum^it  will  be 
■odoord  due  to  the  pr««(-nce  of  n  tliin  lihn  of  oxido  ou  the  heated 
Bre.  With  two  platinum  wires,  no  ntich  vtfect  is  obtained. 
■T70.  Tbenno-^Jeatrie  Order. — According  to  Becquerel's  experiments, 
|k  DictikH  may  he  ranged  in  the  following  order,  aa  regards  the 
Hroction  of  tlie  current  produced  by  heating  a  junction  of  any  two 
iff  tlwm: — BimniUh,  plntirMm,  lead,  tin,  coj>j>fr.  nUvtr,  sine,  iron, 
tmtimony:  that  b  to  Hay,  if  a  junction  of  any  two  of  these  mctnhi 
W  hrat<^l,  tlie  direction  of  the  currciU  at  the  junction  in  quetdion 
rill  he  from  that  which  stands 
in  the  list  to  the  other.  Hia 
ita  have  aUoMtabliahed 
I  faaportant  fact  that  thv  cur- 
'.  obiainod  by  limting  all  tlio 
tions  B,  C,  V,  E,  F,  of  a  chain 

'  £sHimilar  metals  to  one  com- 
AO)  tvmpvrrature,  is  the  aamo  as 
^t  obtained  by  uniting  tie  two  extreme  bat«  A  B.  V  O.  directly  to 
^ch  other,  and  beating  their  junction  to  the  some  temperature.' 

'  Urn  timrm  aecmlq  AaUinant  h.  Uisl  tb*  tit  {r»-molirt  fartt  U  th«  miim  bi  the  »wo 
«a    TbanrrwBtvfllUMniililrtiwMuaUthenwUiMabiBCDKr  b  iwricnlHruit 
^  —loifuteni  B-tth  Ihi  nat  tt  Uw  chtait.    In  oidtr  Uiat  thuv  mmj  W  >  euncnl.  Ui«  cir* 
M— 1  <4  wmw  U  w«iil«toj^  w>d  aW  Mt  «yf  —  la  IV  48a.    In  UM«aM«l  m  upaa 
A.  U>.  KMlt  cl  lU  hMtii«  win  dmikf  U  to  prodoM  diffsRDM  nf  pMMilU  botWMB 
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771.  CompntTiBon  of  Eleetxo-motive  Peru*. — Bj  enployEnp' 
Goiuposud  uf  »'irv-'<  of  OifTcrent  mctab  soldered  together,  with 
cxbrcniitica  connected  with  a  galranoineter,  and  heating  onsj 
to  20*  C,  while  the  rest  were  kept  at  0°  C,  Becqoerel  obtain 
rents  proporti'inal  to  Uic  f oUgwing  numbers : — 


JanrUaii  li«*t«L  CWNttL 

Itolt-vilrer, WHt 

Iron-eopptr,  .  .  .  ST-QO 
Iron-tin,  .  .  .  Sl-21 
Iron -[lUlinnm 16*07 


tnoeaan  hmaUA.  n 

Coppar-plMlMMd,     ...    I 

Oo|ipM--UD, 1 

saver  -oaptm,  .    .    .  ,   t 
ZinQ     —  ffippQ't  «    »   •   A   I 


On  comparing  tJieao  numbers,  it  will  be  found  that  tbejr  i 
approximate  agreement  with  the  Uiw  above  stated.  Thus  tbeil 
motive  forvL-  of  a  silvvr-plntinum  circuit  comeM  out  lO&S  bjm 
2  00  to  8-^5,  and  987  by  subtracting  2C'20  fix>m  36  07.  Tba  «b 
motive  force  of  coppvr-pUtinum  is  8*55  as  obsorvud  dindJj 
S'll  aa  computped  by  taking  the  ditference  of  iroa-«oppar  ant  < 
platinum.  The  deviation  from  prociBe  agreement  is  not  bor 
may  fairly  bo  ascribed  to  errors  of  obe«r\-atJon. 

773.  Neutial  Point. — For  every  two  m>.-tal«  thi^re  is  a  puti 
tcmpumtuic  called  Uieir  neutral  point.  »ueb  tliat  a  circuit  emf 
of  tlic^e  metats  will  give  no  current  when  onn  junetion  ii  ji 
riiucli  above  the  neutral  point  aa  the  other  ia  below  it  TUi^l 
tion  holda  in  every  case  when  the  difference  of  temp«ritun  bb 
the  junctions  is  small,  and  it  generally  holds  as  far  as  iliflknM 
ROme  hundreds  of  degrees.  If  one  Junction  is  kept  at  a  Miri 
temperature  lower  than  the  neutral  point,  while  th«  other,  tii^ 
at  the  same  temperature,  is  steadily  raised,  the  current  Gnt  iM^ 
to  a  maximum,  which  it  attains  when  the  neutral  pnlat  itlW 
then  decreases  to  zero  (according  to  tlic  above  UufinitiMi).  lai  i 
becomes  reveised,  witli  oontinually  increaaing  rtnngth. 

These  changes  can  be  shown  with  copper  and  irm  wim  U 
piece  of  iron  wire  be  joined  at  botl)  enda  to  cwppcr  wtm^aodti'l 
copper  wiri»  be  led  to  a  ilelicate  galvanometer.  By  gMdJy  M 
one  of  the  two  junctiotm  a  current  will  be  prcKioad  «iMI 
dellcct  the  needle  in  oiifi  diroction;  but  if  the  hoating  ittm^tMi 
redness,  the  needle  comes  back,  and  ta  still  more  stnttglfMM 
in  the  opposite  direction. 

773.  Thtnno-electric  Diagram,— llie  ordinary  law  tor  ibiM 


111*  tttniinitjn.  A.  G.    Thb  tUaarauw  of  potmtUt  U  ttm  i 
tana.  Mill  will  arMxanlingly  ba  tha  mbm  ib  lfc«  Vmi  i 


■  of  Ifa 
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loreo  of  a  circuit  uf  two  inctftU  with  two  jimcttons  has  been 
jbUahod  iuilepumjeotiy  bj  Avon&rius  uvi  \>y  Vnttaaoi  Tait  It 
losl  claarly  Mt  forth  by  ft  dlogimm  such  as  Fig.  4D6,  which  is 
Ud  from  a  iiiudi  fuller  diaf^ni  published  br  Profeesor  Tait  It 
four  strught  Unca,  onu  for  «ach  of  tlio  niutals — IroD  (Fc). 
Ooppor  (Ou).  and  Lead  (Pb).  TempcraturoH  are  repn>- 
br  difitancea  laid  oiTalaniif  one  of  theae  lines  (the  line  of  lisid) 
b  used  as  tho  axis  of  absdaNts.  and  eleetro-inotive  foroen  are 


VMoted  tiy  tlio  areas  indowd  betwctn  Uie  ordinat«8  ajid  the 
I  i>f  tlia  malaln.  Tlitu,  if  oca  jumtioo  bo  at  0*  aiid  tlie  otlier  at 
',  tiio  alactn^niotivu  force  is  rvpresented  by  the  area  A  B  C  D  if 
maUU  are  iron  and  zinc,  by  tlie  area  B 11 K  C  if  thoy  an  zinc 
eui^r,  and  by  A  U  K  D  if  thej-  ar«  iron  and  copper. 
bo  tempcraturx)  at  which  two  Uum  int«n*c(  is  their  neutral 
iL  Till!  Hguro  Hhows  that  tliu  neutral  point  of  iron  and  zinc  is 
M  210*.  and  thut  of  iron  and  copper  about  S7o*.  Areas  on 
idta  sidos  of  (be  point  of  interaction  are  to  be  regarded  as 
ag  of^Kwite  signs.  Hence,  if  the  lower  temperature  bo  fizod, 
■na  (uid  therefore  the  electro-motive  fon!o)  will  iiicrcaHi*  wiUi 
lUfennce  of  tJie  tempenitures  until  the  neutral  point  is  attained, 
will  then  diminish,  becoming  zero  when  tlio  poditive  aud  naga* 
areas  are  M{ual.  It  then  clianf^it  tign  (xince  tlic  nogativo  an* 
Dias  largor  titan  tho  (XMitivc),  and  increases  more  and  more 
LDy. 


Tt  IS  not  univeraall^  the  msi?  that  the  tfaGrmo-eb 
twu  iiiHaU  ctiu  be  TvpriL-^cntcil  by  gtniiyht  lines.  I 
in  [kaasing  from  n  dull  red  to  a  white  hcnt,  exhibits 
irivgularitiea  which  would  lie  reprfts«iitefl  by  a  <uni 

774.  Thenn<>-eIoctrJc  Pile.— If  a  thermo-electric  d 
of  two  metais  occurring  alternately  (as  in  Kig  497}. 


Flg.49r. 


ubtAined  by  equally  boating  two  onMMUJtva  jtutctioo 
which  would  be  generated  by  heating  the  one  i» 
direction  to  that  due  to  the  beating  of  the  other,  t 
junctions  in  order,  we  shall  obtain  a  current  in  < 
heating  Any  junctioD  which  bcArs  an  odd  number,  an 
direction  by  heating  any  one  tliat  bears  an  even  nuinl 
electric  pile,  or  tItermo-piU,  whom  ase  has  l>w.'n  air* 
connectiun  with  «xp(>rim<-nt«  on  radiant  heat  <§  irji 
meat  of  thi^  kind,  in  whicli  all    the  Oi)d  juDcUoi 


together  at  one  end,  and  all  the  even  junctions 
metals  composing  llie  pile  being  antimony  and 


m 
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(lilTtirttnioM  of  temptf&tare  (which  ia  the  f unciion  of  Ui«  Uwrnio- 

■},  ur  fur  testing  eqaality  of  temperatuixt.     An  on  «xu»ple  of  tlie 

»p])]tc«tion,  suppose  a  circuit  to  be  formed  of  two  long  wtn«, 

of  iron  and  tlic  otht-r  of  copp.-r,  connected  at  Iwitli  i-nda,  and 

with  gutui  porcha  or  suiiiu  ollivr  insulator  vxc4.-]it  al  tlie  two 

I^t  on«  junction  be  lowered  to  tlic  bottom  of  a  bonn<;, 

othor  imwcewible  place  whose  U-mpcraturu  vi^.  wish  to  asccr- 

aod  let  the  other  juoctioo  be  imiutrwd  in  a  vcnscl  of  wntvr 

ining  a  thermometer.     If  one  of  the  wirea  be  carried  round  a 

T,  the  direction  in  which  the  needle  is  doHected  will 

whether  tlic  upper  or  lower  junction  is  the  warmer,  and  if 

lar  tbv  t«m|>onturo  of  tlie  water  in  tlie  voeel  till  the  deflection 

uocd  to  xero,  wn  know  tlint  the  two  juuctiom  arc  at  tlie  same 

iratuni,  which  wv  can  rood  otf  by  llie  thcnuutacter  immersed  in 

water 

Thenno-piles  for    Electro-metallurgy. — Of  Ut«  jcan  some 
lO-piles  have  biH.-n  oonntruct^d  wliidi  have  authcient  electro- 
ve  force  for  the  dcpuaition  of  metals  from  solutions,  and  they 
mvo  to  Home  extent  bcvn  enipUiycd  commercially  for  this  puipose. 
number  of  pain  of  in«taLi  la  usually  about  70,  the  niateriaU 
in  oi»  tnrtanoe  iron  and  tyixi'mclal,  in  another   iron  and 
These  piles  have  the  fonn  of  a  hollow  cylinder  with  juno- 
facing  alternately  inwards  and  outwards.    The  inn«!r  junctions 
exposed  to  the  flame  of  a  Uunsen  goA-bumor,  while  the  outer 
ions  are  kept  cool  by  the  contact  of  tJie  air. 
Peltier  Effect. — Peltier  discovered  that  when  a  current  ia  sent 
tvxmh  a  circuit  of  two  or  morv  motals,  it  cools  some  junctions  and 
otliera,  the  distribution  of  heat  and  cold  being  opposite  to  that 
r-hich  wirtild  produce  the  current, 

^■■r  uxaRi|)le,  if  a  cum-nt  from  a  battery  bu  sent  through  an 
*«>iiiiai7  themio-pile.  the  junctions  at  one  end  will  rLw  in  temperft* 
;  and  those  at  the  other  und  Will  be  depressed.  If  the  battel^' 
then  n-movi'd,  and  a  galvanometer  substituted,  a  current  in  the 
JifxKite  ilin-ction  to  the  former  will  be  indicated  by  the  galvano- 
Ibaler,  until  efguality  of  teui|>eraturv  lias  bocn  restored. 

The  J'<Hier  ^tet,  as  it  is  called,  in  auporadded  to  the  gi<neral 
^Arming  due  to  the  overcoming  of  roaistanee  ia  the  circuit,  so  that 
y^n  actual  Uttnperature  attained  by  a  juncti<ni  depends  on    both 
■kOMa  combined. 
The  Peltier  effect  u  nil  at  a  junction  whose  temperature  is  the 


'drcuItT  and  Uic  dMtruction  ii  not  to  be  fotind  in  thi 
ioT  tho  only  Peltier  etfect  is  a  generation  of  heat  at 
Uoq;  it  must  Uierefore  oecar  ia  oae  or  botli  of  the 
tions  of  wire.  Also,  by  mo\-ing  the  ma^et  it  wouli 
induce  a  reverse  current  in  the  circuit,  a  reverse  ] 
tbo  coM  junction,  and  a  gum^ration  of  heat  cqaal 
destruction.  Those  considerations  8aj;ge«t«d  to  Sii 
an  experimental  investigation,'  whidi  showed  thi 
current  from  hot  to  oold  has  greater  wanning  powa 
from  cold  to  hot;  while  the  teveise  rule  holds  for 
worda,  the  positive  current  produces  an  apparent  con 
io  copper,  and  the  nc^tivc  current  in  iron.  It 
the  convectJve  ctrccb  is  very  mudi  gn-ater  in  ii 
Ktfvcts  of  one  or  the  other  of  these  two  opposite 
l>y  most  of  the  other  metabt,  lead  being  apparently 
779.  Pyro-electricity. — Another  relation  betwc 
tricity  may  here  be  mentioned,  though  it  belot 
utatics  than  to  current  electricity. 

When  a  crystal  of  tourmaline  is  heated  or 
shows  thnt,  while  the  cr>*sta1  is  gaining  heat,  on] 
charge  of  paiitive  and  the  otlier  of  negative  clvctriei( 
ia  loaing  lieat  these  charges  arc  reveised.  This  pben 
pyro-electricity,  and  it  is  always  asaociated  with 
symmetry-  in  cr>'stalline  form,  whldi  enablea. 
end  of  the  crystal  from  Ute  other. 


lea  u^D. 
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lOo,  Mid  Ui«  efTect  gradually  increasoa  (or  somn  time  if  the  ox- 
to  tight  is  continued.     Profeosor  \V.  U.  .\dAuia  fo»ii<i  th&t 
:n  to  the  light  of  an  ordinary  wax  taper  at  a  Jifitance  of 
ittota.  diminished  the  resistance  of  a  plate  of  selonium  by  about 
lighth  juirt  of  thu  whulu. 

tmium  I*  a  vcrj*  bad  conductor,  its  rcdstonce  being  moro  than 
maand  million  titnvti  that  of  iron. 

n  iDORt  striking  t^tibcU  are  obtained  by  ooni^tructing  a  so-eallrd 
uinm  coll "  on  the  following  plan.  A  strip  of  mica  or  jtoino 
IMbntanoc  of  h!^h  insiilnting  power  is  not^^hed  at  both  edgos, 
A  copper  .wirv  is  wouixl  round  it  leaving  alternate  notches 
it.  Ito  ends  are  secured,  one  of  them  being  atlachi<<]  to  a 
■Dg-acrev.  A  aeoond  wire  Li  then  wound  in  tbo  intervouiiig 
Ma  and  similarly  secured.  It  mu»t  not  touch  the  lirat>  hut 
be  ewrjF'wbere  very  near  it.  The  face  of  the  plate  is  tlien 
y  eoverad  with  selumutn,  whieh  muHt  W  meltod  on  and  allowed 
^  llowly  8o  Aft  to  a-tsiiinu  tllv  crynUilliiio  form.  Tlio  seleuiiim 
la  the  only  medium  of  electrical  communication  between  tlic 
wires,  and  if  tlie  two  binding- sore wa  are  connected  with  a 
iry,  a  liigh-resistancu  mirror-galvanoiDCt^ir  being  Kl.iO  introduced 
tbe  circuit,  the  exposure  of  Uie  face  of  tlie  cell  to  various  de- 
I  of  lit;ht  will  give  strongly  marked  etrocta  on  the  gaU-anomoter. 
of  cardboard  bo  cut  away  in  sectors  and  rapi'lly  roUtod 
tiic  face  of  the  oull  and  the  sun  or  any  strong  light,  in  such 
i«r  that  tlic  mOI  i«  alternately  in  light  and  sluidow  ok  the  mcc- 
I.  tbe  tlucttuitiom  of  current  thus  produced  can  be  detected 
of  a  telephone,  which  gives  a  very  audible  hum.  This  is  a 
w  ti-ftt  of  the  quickness  of  the  action,  for  a  thermopile  gives  no 
d  undL-r  the  saine  circunietances.  This  combination  of  a  selenium 
VJth  a  toh^hone  is  called  a  phott^ont,  and  a  modified  form  of 
m  enaMed  arlictilat«  HouniU  to  bo  transmitted  to  a  diHtunce  by 
,  Hio  invention  is  due  to  ProfcMor  tiraham  Bell,  the  inventor 
la  telephone,  and  tlic  fonn  of  cell  abova  described  was  intro- 
i  by  Mr.  Slielford  Bidw<-ll. 
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781.  Ueaniag  of  Electro-dynamies. — A  wirn  throa^  wfaV 
rent  U  jia^ng,  b  found  to  be  capable  of  protlticitig 
other  wires  also  coiivoyius  currents.  The  theory  of  lh«M 
ineots,  ormoro  gviicrally.vf  tfi«  mefJiinical  aeliotu  0/  ciirrtnttt 
one  amil/ur,  constitutes  &  ilistiiicl  brkiicli  of  ulectrical  ncutKc,  a 
called  cleclro-fiifiiatnic*.  It  stands  in  very  dose  rclotioo  to  nU 
infignetiain;  anrl  if  the  laws  of  either  of  tlie  t«u  NdeoMs  angi 
those  of  the  otlior  may  be  deduced  as  consequences. 

The  sciitnce  of  eloctro^dynamics  was  foundi-<l  by  Ampkra    I 

408.  409  rupriKwnt  an  armngeinent  which  he  deviMwl  for  nodi 

y  a  conductor  tiiovaUa  ■ 

out  interruption  of  tkl' 

n^nt  oonveyvd  by  it 

A  wire  is  bcoi  tnb> 
fiimi  of  a  nvariy  nuf 
rectangle,  and  it*  twv  < 
terminate  in  pottrti, 
above  the  othn-,  so  iil^ 
tKikt  a  vvrtical  tlmM^ 
o^ntro  uf  grarity  ]M 
ilirougb  thorn  butk  ■ 
cordingly,  if  nitbsr  «  b 
of  these  jKitnta  1m  Mttf** 
the  wire  can  turn  freely  about  this  vertical  as  axis.  Tin  pri 
dip  into  two  small  metallic  cups  «  y  00Dt«'ning  nMOvary.  u'  < 
weight  is  usually  bonic  by  the  uppar  point  alone,  wludi  tM() 
the  bottom  of  iti«  cup.  The  cupa  are  attach^  to  two  ItfOM 
arms  of  metal,  sup{>orted  on  uietallic  pillars,  whkfa  csn  b*  n 
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K'tlh  tliv  two  U;nniniil8  of  ft  b«tt«r)'.  Th«  wire  Uitia  forma 
th«  circuit,  the  cum:inl  being  down  odb  aide  of  the  rectaiiglu 
the  otlier.  Instc&d  of 
tAH^lUr  the  circular 
my  btt  emplojred,  w  in 
IL 

DUfliUi  be  pliuMHl  bc- 
■  in  Fig.  491).  the  wiro 
ill  set  its  plane  perpen- 
to  tbe  Icnj^  of  the 
.  tha  rclativo  poeiUtm 
I  b«uig  tli«  sain«  M  if 
)  fnnw  were  fixcil.anfl 
let  freely  Bu.4|>cn<ie4l. 
Elect  tbo  disturbing' 
thfl    eartli'a    mag- 


Mi 


i-it-lM      A 


rv  xn 


HatDftl  Foroos  b«twoen  Conductors  coavejin^  Currents. — The 
Ig  «lanient«ry  Uwa,  rc;;ii>r>)i»g  tliu  mutual  (orcea  exerted  be- 
OBtlaetors  through  which  curronla  are  pass- 
ro  oatabliahod  hy  Ampbn.  For  brevi^  id 
Eon,  it  IB  u^ual  to  spcaJc,  in  this  sense,  of  the 

/oTMi  betwen  eurrenta,  or  of  the  mviual 
ieai  action  of  curftnU. 
iOOMnvs  portiirM  of  the  «>m<  rectitinear 

rtptt  one  another} 

is  proTed  by  tJie  aid  of  two  troughs  of  iiier- 
pusted  hy  a  partition  (^g.  AOl).  A  var- 
wire  Is  bent  into  euch  a  form  that  two  portions  of  it  can  6oat 
■orfftcc  of  t))u  mercury  in  the  two  troughs,  while  connccUid 
cb  othor  by  an  arc  passing 
B  partition.  The  only  por> 
Itboat  Taniish  ore  the  ends. 
be  terminals  of  a  battery  are 
I  la  the  mercur\',  oppleit4^ 
b,  as  shown  in  tho  figure, 
hH  b  eomplet«d  through  the  wire,  and  repulsion  is  oxhibite^L 
D  moving  away  to  the  furtlivr  end  of  tlie  vomeL 

kcat  br  b  men  wtk'nnM'f  aeai|ita<l.  Mul  cu  tammtky  lie  n^wdad  m  fwlUa  oi 

U 
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U.  ParaUH  currents,  if  in  the  «anu  dirfction,  attraet,  i 
the  oppoaite  dirwHon,  repel  each  other. 

Thu  apparatus  oinployetl  for  <l«inon<it  rating  this  twufold 
tion,  consUtA  of  two  metallic  pillars  t.  v  (Fig.  502),  wliich  j 
lively  connected  at  their  upper  eti-is  with  the  two  cops  of  i 
The  rectan^ar  coDdactor  a  b  c  d  e  is  aasyicndinl  with  iu] 
points  in  these  cup«  so  m  to  complete  tho  oirciiit  Iwtweco  ihf] 
When  thv  current  is  passed,  tlii»  niovftI>le  comiuctori 
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iteelf  80  that  its  plane  coincides  with  that  of  the  two  pit 
that  currents  in  the  same  directitm  ia  the  pillare  and  in 
next  each  other,  as  shown  in  the  figure. 

For  establishing  repuWon,  a  slightly  dllTereot  fiirni  ul  vi 
employed,  which  is  rcproscntod  in  Fig.  503.  NVhcii  tliU  in  biDl ' 
the  ciip.s,  in  the  position  which  the  figure  indkfttM.  tbccBini 
the  ]>illar3  are  in  opposite  directions  to  tbose  in  tlie  iwi^bl 
portions  of  the  movable  conductor,  and  the  latter  aeeordiaflT  t 
away  until  it  is  stopped  by  the  goIUsiod  of  the  wins  abon. 

111.  Currents  who$e  directiotu  are  iruJiiud  to  eoAuA^ft 
aitgjo,  attract  «icA  other  if  they  both  fiovt  ttnoanU  thd  wM^ 
art^}  or  if  the^  both  jtoto  fnm  it.  and  rtpd  eocifc  tthtr  i/« 
them  flows  towards  th«  angle,  and  the  other  fron  tt, 

A  consequence  of  this  law  is  that  two  curreotA,  as  A  B.  DC( 
504),  croesing  one  another  new  O  in  diflonnt  plaaa^  tad  H 
thetnulvfls  pvallel,  and  m  that  tboir  dinetioaa  ahoU  to  ltoi| 


■  It  th*  enmntt  u«  not  b  ttw  mm*  pUat,  «•  wmI  wJaMlaia  «>JH V*"*" 
pofmditular  lot  lAc  nrta  ^  lie  anfh,  in  Um  enandMiM  rf  Ikb  Ibk 
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I  ftttnetioo  between  th«  portioDK  A  O  tin*]  D  O,  and  aIm 
tbo  portions  OB  and  OC;  wlierea.i  tliere  It  repulsion 
A  0  and  O  C,  and  between 

OD.  AccoriIinj;ly.  i(  tJie 
BOnductor  of  Fig.  502  or  bOli 
kd  t>y  a  current,  and  anoUier 
jriagacttrn'ntbo  plnccd  liori- 
i(  any  tmgle  undernoath  its 
B,  tlie  luovable  conductor  will 
is  point  of  HtiapciuioQ  till  it 
pamllul  to  thu  wire  bolow  it; 
be  poution  of  Ktahio  vtguili- 

i  eurrrnt  in  iu  lower  Hide  will  have  tlto  same  direcUon  hn 
le  intliiencin^  win?, 

mtioaoos  Rotation  produced  by  a  Ciicnlar  Current. — Suppose 
I  current  ilowtitg  round  n  circiv  (Fig.  505),  and  also  a  current 
dong  O  A,  wliii'h  »  nppmximntcly  a  radius  of  Uiiii  cird*. 
tbo  current  in  OA  bu  from  the 
wards  the  dtxtamferencc,  as  indi- 
the  figure.    Then,  by  law  III..  0  A 
ed  on  ono  sidu  and  rvptiUud  on  thu 
ih  foreoa  eooibitdng  to  make  0  A 
rnd  the  circle  in  the  opposite  direc- 
lat  ill  which  the  circular  current  in 

If  the  current  in  O  A  wore  from 
vDce  to  ci-iitro.  the  tcn<)cDCy  would 
A.  to  swe^rp  rouml  the  circle  iu  the 
ction  as  Uie  circular  current. 
UKining  Btill  holda  if  0  A  u  in  a  ptanfi  parallel  to  that  of  tlio 
nrrent,  O  being  a  point  on  the  axis  of  the  circle  and  the 
O  A  being  not  f^rcatvr  tlian  tlie  radius, 
liar  current  way  aIho  produce  continuous  rotation  in  a  con- 
uallel  to  tJic  axiH  of  the  circle,  and  moToblo  round  tluit 
P  ftOtf  rtipresentd  an  arraiignmtmt  for  obtaining  this  elFoct. 
4  wire  through  wliich  a  current  can  be  scntt  in  wound  round 
V  basin  E  F,  its  extromitJ<=t  being  connected  witli  the  bind- 
•  m,  0;  From  the  centre  of  the  basin  rises  the  little 
pillar  A,  terminating  above  in  a  cup  containing  mercury. 
IT  is  oonnected  with  the  btnding>Bcrew  n.  Tlie  boain,  which 
ted  with  the  Uuding-eerew  p,  contaiiu  water  mixed  with  a 


ru.  b)V.  (\>nUnu"n>  llMlaU<a 
at  IU4M1  Cumnl. 


1 ..  .-* l-i'i — -■ 


o  Mid  |>  arc  tlio  U^rmiiials,  .10  that  if  0  is  oolincclMi 
and  p  with  the  nf^gatire  po)«  of  a  iMtttery.  Uie  cm 
first  tm verses  the  wire  coil,  then  ascunds  the  pilU 
the  sides  B,  C  to  the  floating  ring  and  Liquid,  an 
As  aoon  a»  tlicAO  connections  have  Uxxx  completed 
ductor  oomitivne«H  continuous  rotation  in  the  dil 
tliat  of  Uie  cnrrent  in  the  coil.  fl 

If,  instead  of  connecting  m  and  n,  we  connecP 
the  positive  wire  from  Uto  battflry  to  p  and  Uia  I 
the  ooiirto  of  the  current  will  be  from  p  to  tbs  ■ 
Ktdes  B,  C,  an<l  intvardx  along  thi;  t<^p  of  the  mo< 
tlie  mercury  ciip,  then  doM-n  the  pilUr  to  n,  th«nca 
the  coil  from  o  to  m  in  the  same  direction  aa  io  < 
ment;  but  the  rotation  of  the  tnovnUc  condaebor 
tlie  oppositi:  direction  to  iltat  bofore  olMvrved,  an 
same  direction  as  the  cum-nt.  d 

784.  Action  of  aa  Indefinita'  Keetitlnear  CorrsS 
rsat  movabla  around  ona  SztraiB|}|v — A  finiln  nani 


ACTIOS   or   A   LOSO  STBAJOHT  CCRfiENT. 


757 


IV  ^^  'RnUUnaatXaaialCbinsL 


tA.  flowing  outwanls  from  the  centre  of  motion  O,  and  actetl 
'  tiw  iDdcfinite  current  M  X,  U  first  attracted  into  the  {>oeition 
In  this  now  pueition  it  ta  repelled  by  n  N,  aitd  attrscted  by 
Tt  u  thiu  bron^t  mieccssivvly  into  the  positioiu  O  A',  OA", 
Id  this  iMt- 
itkmed  puditjon. 
two  currents  l>eiiiy 
Jcl  and  Qjipofait^. 
rimpnlaiotiiand 
(Mning  it,  th«re 
ropaUion  on 
Je  and  attrnctiuii 
fio  otlier,  till  it  h 
^d  round  to  its 
ipositiun  O  A.  It 
ntu  kept  in  ooo- 

rutatioD.     If  the  movable  current  Hvves  inwordn  to  th«  coiitru 
O,  as  in  tho  loft-hand  diagnuu,  while  the  direction  of  the 
ut«  current  is  llie  same  as  befora,  the  direction  of  rotation  will 
rersed. 

AetioB  of  an  Isdoflsite  EecUlinear  Currant  on  a  Tioite  Correal 

idlcular  to  it— l«t  M  H,  in  tbu  uppur  half  of  Fi».  i>OH.  bo  an 

lilt)  rvctiliuear  current,  and 

portion  of  another  cum-nt 

'  in  th«  aauie  or  in  aoy  otlu^r 

In  tJie  latt«r  cane  let  DC 

cotuuiou    perpendicular. 

U  tlto  currents  bavo  the 

npmvtiU'd  tiy  tbfi  ar- 

1  olunent  at  p  will  attract 

at  m  witi)  a  force 

I  ir«  may  rapreeant  by  a  line 

1  ua  Blement  at  p  equal  to 

I  ft  and  Httualed  nt  the  satiio 

lai  from  C  on  tlic  otht-r  iiido, 

r^l  llio  element  at  m  with 

fiiroe,  represented  by  m/.     Oonstmctiitg  the  parallelofp-ani 

tbo  reeultant  force  of  thene  two  elements  upon  in  k  rt- pro- 

by  th«  diagonal  nt  F,  which  is  parallel  to  M  >'  and  tu  tlte 

direction  to  the  indefinite  current-    As  this  reasoning  applies 


nc  tM 
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to  all  the  elemento  of  both  ciirrvnt«,  it  follows  thai  tlM  i 
will  cxpori<.-iic«  a  foreo  ti-ndiiig  to  give  it  a  tnolion  of 
pftialld  to  MN.  This  motion  will  i>o  o])pcii«it«  to  tlra  directknd 
indcfintt«  currvnt  when  thu  direction  of  thi>  tintt<- rurri-nt  'vW 
tlie  coiikinon  pei'pendtcuUir  DC,  as  in  the  upjier  (U%^nun.  and ri 
in  the  same  direction  as  the  indefinite  ciuTent  when  the  dtrNlh 
the  fiiiitc  current  is  from  the  common  porpendteular.sa  to  thtl 
'lia-^cim. 

788.  Actios  apou  a  RDctaDjful*f  Onrrent  movafata  abnt  u 
Perpendioular  to  an  Indefinite  Current, — It  followa  from  thp  jncf 
section  that  if  a  thiiU"  currt^nt  AB  (Fig.  '>00),  ppr{H>n(liculw  ti 


tig.  Wa— PmMIM  mum 

iodeAiiite  current,  i«  movable  round  aa  axta  GO*  paralh'l 
plane  ABOO'  will  plaw  itself  parallel  fcoUto  iudctinilet 
AB  will  place  itself  in  advance  or  in  rear  of  the  uxi» 
tlie  current  in  A  B  ts  from  or  towards  the  iudeliiiiif  I't 

If  a  pair  of  parallel  and  opposite  cum-nta  B  A,  A'B, : 

nocted  t^ether.and  movable  round  tho  axis  00'  lying  brti 

are  subtuitted  to  the  action  of  the  iwletinite  curtvut,  ihr  fofla^ 

them  will  conspire  to  place  Uie  syatero  in  the  poailion  tuitoliJ 

the  figure.    If  tfae  two  eurrentt  A  R  A'S* 

l>oth  in  the  same  dirL-ccion,  their 

to  revolve  round  the  axis  OO"  will  < 

each  otlier. 

71i<?  action  upon  the  near  aide  ol  i 
angle  (Fig.  510)  oontrihaUai  lu  prahvl 
&ame  effect,  since  this  side  tendt  to  ■*  ■ 
parallel  to  the  intlueodng  rmno^ 
that  the  directions  of  tlut  two  i 


same. 


S 


The  action  upon  the  furtJier  Mcle  of  the  reeUngla  UaJk  '■'P'* 
an  opposite  ctfed;  but,  in  connequeucu  of  ib»  gmiUr 
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s  feebler  than  Ui&t  upon  tho  oqat  sido.  The  sytbtm  Meord- 
ingly  tends  to  Uke  th«  poailion  of  «tab1e  equilibrium  ropccMntcd  In 
thm  ri^flit-liand  h&lf  of  tli«  BgaXD.  Titf.  diagnxa  o»  tli«  loft  hand 
jpqmeontA  &  poBitioQ  of  unstable  etjnilibrium. 

I  Wlial  is  bera  proved  for  »  rectAttgular  current,  b  true  for  &ny 
doaed  pluic  circuit  movable  round  lui  axis  of  s^inmetry  perpendicular 
bo  an  imlcfiniU;  rectilinear  current;  tliat  w  to  say,  any  such  circuit 
laa*i»  to  plac«  itself  so  tbat  the  current  in  tli«  near  side  uf  it  la  in 
Hm  nanie  direction  as  the  indoliuite  current 

These  rvsult«  can  be  verified  expcrinientally  by  the  aid  of  the 
ippaiatua  reprwented  in  Fig.  511.  CC,  UD  are  two  cups  (shown 
|a  ■•ctioti)  aurrounding  tho  nic- 


-   Tj 


-^S^' 


i, 
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fealUc  pillar  AB  at  ita  upp<!r  and 
lower  cn<Iii,  and  ct>ntaining  a  con- 
iiuctin^  liijuid.  The  lower  tup  is 
ataulatfld  from  the  pillar,  and  oon- 
■XI*  lid  witli  tb«  binding-screw  'j. 
Dw  liquid  in  tb«  upper  cup  CO 
ilB  ooiui«ct<<d  with  the  up|>cr  end 
mt  the  pill&r  by  tb>.>  hi-nt  ami  dm. 
*  K  i«  a  li;jbt  lioiiKontal  rod  sup- 
JMrtod  on  a  point  at  B,  and  carry- 
mg  a  coiinteqwiM  K  at  one  end, 
liriiUe  thf  other  carries  a  wire  mnop,  whose  two  ends  nni  and  op 
ftaMciid  vertically  into  the  two  oupa,  the  middle  portion  of  the  wire 
jMiH};  wrapped  tightly  round  the  rod.  The  biniUn;:i:-scri>w  /  is  oon- 
wiUi  the  luwor  enduf  thu  pillar.  If  a  current  cntvrsat/and 
siriH  at  ff,  it«  direction  in  tlio  long  vertical  wire  op  will  be  doHOonding; 
it  will  Iw  nacending,  if  the  connections  are  roversol.  By  Hcnding 
nl  at  (lie  name  time  tiinnigh  a  long  horir-onuU  wire  in  tlie 
tibourliood  of  tlie  system,  movements  will  be  obtained  inacoord- 
!  with  the  foregoing  concluaiona. 

B7.  Sinnoiu  OorreaU. — A  sinuous  current  exhibits  the  same  action 

>  Natilinear  airrent,  provided  tbat  thoy  nowhcrv  deviate  far  from 

\  otlwr.     Tilts  principle  can  be  exemplified  by  bringing  near  to  a 

'  conductor  (Fig.  612)  another  conductor  eoaaisting  of  a  wire 

"Mod  liack  upon  itself,  liavingoneof  its  portions  straight,  and  tbe 

r  sinuous,  but  very  neai'  the  first     A  current  sent  through  this 

in  wire  traverses  the  straight  and  tlio  sinuous  portions  in  oppo- 
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saU  directions,  and  it  will  bo  found  tlint  thoir  joint  i 
movable  conductor  is  inappractublo. 

Tli!s  principle  holds  not  only  for  rectilindu-  curreats  but  b 
r«nt«  of  nny  form,  and  U  veiy  extensively  employed  in  tltit  wBkl 
invcittigationa  of  electro-dynainica.  In  compuling  the  kHob 
dKd  by  or  upon  a  conductur  of  any  form,  it  ia  gonanlly  convt 
to  aub3titut^>  t'ur  thu  conductor  itHolf  an  imaginary  cotidaclur.i 
ooincidout  u-ith  it,  nnd  consisting  of  a  suocession  of  abort  rtt 
poriions  at  right  angles  to  one  anotbor  (Fig.  513), 

786.  Mutnal  Action  of  Two  Elements  of  Cnrreata. — Atoptin' 
his  analytical  invesliirations  on  the  a&auinption  that  th«  actisa 
cisod  by  an  element  {i^  a  vt-ry  abort  portion)  of  one  cntrail  op 
cl«»ivnt  of  another,  eotmuita  of  a  single  force  dim^te«I  olung  tb 
ing  line.    This  aasumpUoD  oonductod  him  to  a  formula  for  lUu 


i 


ni|.ni 


aumum  Omfim* 


<d  this  force,  which  lisa  been  found  togiva  Lrtw  rasulta  b  < 
d^ble  of  being  t«Bt«d  by  experintent  NurarthcUH,  it  »  t] 
means  certain  that  either  Amp^'s  formula  or  hit  tmkmt 
aieumptioQ  is  true.  Oth<.>r  assumptions  have  been  madt,  haAj 
other  fonnulv  in  contradiction  to  that  of  Auiptn^  wkUi  alM  | 
true  reeulta  in  every  case  capable  of  bdng  exparioHntally  ta 
The  fact  is  that  esperimencs  can  only  be  parfonuivl  *riU>  a^ 
cirouita,  luid  Uio  contradictions  which  iiubstst  botweoi  iht  £H 
asftuitiptioos.  in  the  cane  of  the  several  part«  of  •  dixatlt,  mM«l 
thecirniit  is  considered  as  a  whole.  All  the  formala,huin*Ai| 
in  making  the  mutual  force  or  forces  between  two  •UaMSk « 
invcretiiy  as  the  stjuare  of  their  distmioe,  ajud  dircrtiy  i 
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a(  th«  cnrrentA  which  paas  through  thein.  Profeasor  Clerk  Msswcll  * 
dbcanla  all  assuniptiooa  as  to  mutual  actions  U-twcen  clciDL-obi  at  a 
diftonop,  and  vii)|)Iuy)i  thit  principle  that  u  circuit  oouvt^ying  a  currvat 
klways  teaiiM  to  movt-  in  such  a  manner  as  to  incroasis  tlie  iiuniWr  of 
OMgitetic  furoo-tiiU'A  (in  the  RenMC  of  §  606)  which  jtArB  through  it 
Tltn  Work  Jotiv  in  nny  dUptaceincnt  i.<i  measured  by  the  number  of 
i-iabca  thu8  uliltiil;  but  tubeH  which  cross  the  drctiit  in  tho  oppoi(it« 
'diraetioa  to  tiwso  due  tu  thu  curn-nt  iD  thir  circuit  lu'u  to  be  ngardcd 
•a  nrgative. 

W«  h«V0  sMtt  {§  711,  712)  that  tlic  Itnv-i  of  mn^'tii'tic-  turfu  diK<  to 
a  currmit  ar«  circles  surrounding  it;  and  also  Uiat.  wlmn  a  line  of 
txw(;uutic  fom  cuts  a  current,  the  latter  experiences  a  force  tending 
to  move  it  at  right  an^'k-a  to  tlie  plane  of  itself  and  the  line  of  fom. 
In  tlie  cast-  of  two  pamlli-l  cum-ntt,  tMch  is  cut  at  ritcht  aii^K-s  by  tlic 
ItlHs  of  magnetic  force  due  to  tlie  otlier;  the  direction  of  tito  forw 
tjtpiTicnced  by  either  current  ia  therefore  directly  to  or  from  the 
er  curr«Qt;  aud  the  criterion  of  §  712  will  be  found  to  indicate 
when  the  directions  of  the  currents  are  tho  same,  and 
bion  when  t]ioy  are  0{>poiut«. 
In  Fig.  50&  the  line*  of  magnetic  force  cut  OA  in  a  direction 
mtar  to  the  plane  of  the  diagratn,  OA  accoixliiigly  experi- 
B  force  {lerpendicalar  to  iia  own  length  in  the  plane  of  the 
:  and  the  same  remarks  apply  to  A  K  in  Kig.  509.     All  the 
cperiuiontal  facts  above  detaik-d  are  in  fact  thus  explicable.    In  the 
nnicnt  of  Fig.  501,  when  tlie  application  is  scaiocly  so  obvious 
in  tlj«  other  CM»e»,  the  observed  motion  may  bo  dcduc«<l  from  the 
ion  in  whidi  the  liridge  or  arc  connecting  the  two  sido-wirea  is 
by  the  linca  of  fori-c' 
788.  Aotion  of  tbo  Earth  on  Onrrentg. — In  virtue  of  terreetrial 
..  movable  circuita,  when  Ifft  to  thciiwelves,  take  up  de- 
positions havin;;  welt-marked  relation.H  to  tlio  linc«  of  terrtwtrial 
tic  fufoe.     For  example,  in  the  apparatus  of  Fig.  SI  1,  the  ver- 
vire  op  will  place  itM'lf  to  the  wi«t  or  cast  (magnetic)  of  the 
A  J),  according  as  the  current  in  op  i»  ascending  or  duDOcndiog. 
otTeci  is  due  to  the  horizontal  component  of  terreatrial  nwg* 


In  tlie  apimratits  of  Fig.  &06,  if  tho  ciinent  be  sent  only  through 

'  Huir«U  "  On  Pmaay'i  Unm  of  Foccc"    Oint.  TVuu.  ISSt,  p.  BO. 

■  Sdbm  (wUht  murlu  on  thu  teroa  uiieriwootl  hj  ourmil*  In  inst»i<k  llclili  wU  ba 

WMlkC^.  Hi. 
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Um  movable  portJon,  continuous  rot&tJon  will  be  produoed.wtwiivfl 
be  with  OT  Bgainst  tliu  luinds  of  n  waUrli  iiocoix]in<;  m  Ui«  onmlii 
the  top  vrirca  is  iiiwArtJit  or  outwanbt.  Tbis  effect  U  due  to  lbs  m- 
tical  component  of  tlie  earth's  niagnetiam,  acting  on  Urn  eomnkti 
Uie  horizontal  wires.  Vertical  lines  of  roagnelic  fom  falltiisaBt 
horizontal  current  give  the  latter  a  tendency  to  moTe  pecpcndnbr 
to  itit  own  li-ngth  in  a  horixontal  plane. 

790.  Soleaoida.— If  we  suspend  from  Ampere's  stand  (Fij.  IK)  i 
plane  circuit,  whether  rectangular  or  circular,  it  nill  pUot  MM 
perpendicular  to  the  magnetic  meridian,  in  audi  a  nuuuwr  tbat  lb 
current  in  ita  lower  side  is  from  east  to  west;  or,  in  other  wofdiM 
that  the  ascending  current  is  in  its  westi-m  and  the  desceadbf  or- 
rent  in  its  eastern  side;  this  clTect  being  duo  to  the  anion  at 
horizontal  component  of  terrestrial  magnetisoi  u|>on  the 
and  descending  parts  of  the  current  If,  theu.  wa  bat*<]  a  unln 
of  Bucli  circuits,  rigidly  connected  together  at  right  anglea  ta  a 
mon  axiA,  and  with  their  currcntaall  circulating  tlte  aanie  vsj, 
common  axis  will  tend  to  place  itself  in  the  magneUc  meridin^l 

tlie  axis  of  a  magnet. 
«yst«tn  waa  called  by 
BohmoJd  (aMXtr,  a  tnibt),  a*d  w» 
realized  by  biro  in  tbe  foUonf 
manner. 

Imagine  a  wire  Imt  tntoMl 
a  shape  as  to  cousint  of  a  aaaim 
of  riii|;s  united  to  eadi  iitbtt  bj 
straight  jiortions.     It  viU  ^ 
from  a  tbeontua]  adMiuiil  caJ* 
by   havii^    eurrenta   b  ika» 
straight    portions:    but  if  lb 
two  ends  of   the  wire  be  carried  back    till   they  nearly 
the  middle  of  tbe  length,  as  sliown  at  A  and  B  (Kt^.  ' 
currents  in  these  returning  portions,  being  oppooiM  to  • 
tbe  other  straight  portions,  will  destroy  their  i-thx-t.  and  tbt  m- 
sultant  electro-dynamio  action  of  the  system  will  U>  Ntapljr  im  h 
tlio  currents  in  the  rings,      lite  same  eflVct  is  more  ujuiuiiw^T 
obtained  by  substituting  for  the  rings  and  intvnuediata  lUa^ 
]>ortioiis,  a  helix,  which,  by  the  principles  of  aimioBi  eomaia  * 
equivalent  to  thcni.     Each  spire  of   tbe  helix  lepuwiaa  a  Mi 
perpendicular  to  the  axis,  together  with  a  stim^lit  poftioB  faaW 


tUmmm 
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Flo  ttu)  axiH  an<l  oqtuit  to  tlic  dixtanoo  between  two  spires.  The  effect 
\*i{  oil  ttiv  »tnuj;)it  jiurtion'*  is  exactly  dcstn^vd  by  the  wires  whidi 
mtuni  (roin  tli6  «nds  of  the  helix  and  meet  in  lh«  tuJddlc.  This 
[amnt,'(.-tni-iit,  which  is  re- 
eiit^-il  at,  C,  is  thiit 
rtikh  is  UDivcnuilly 
Uie  returning 
being  sometimes  tn 
[th«  sxLs,  and  sometimes 
i-oo    the    outfiido    of    the 

ix. 

If  A  soh-nwd,  thus  oon- 

I,  bo  siuponded  on 

Amptoe's  stand,  as  in 

S15,  and  a  current 

it    through   it.   it   will 

^minr-iiawly  place  its  axis 

Dvl   to  a  declination 

IMMdIe.     It  nisy  accord- 

;lj    bo    »aid     to    have 

In  Fig.  SIO,  A  represents  the  siutral  or  north-aeektng,  B  the 

or  aoutii-sceking  pole  of  the  solenoid;   that  is  to  sny,  tlio 

[direction  of  thv  current  is  sgainst  or 

IwiOi  till'  Itonds  of  a  watch  Recording  as 

|thu  aiMtnd  or  txtri'ftl  i>olo  is  pixvsi<ntvd 

Uk'  obwr^'er.     The  same  diHerence 

tllustiated  by  Fig.  fil5. 

791.  Dip  of  Scloooid. — If  a  solenoid 

kl  b«  balanced  so  as  to  be  perfectly 

frso  to  move  about  it«  centre  of  gravity, 

jt  wotild  place  its  axis  |iiumllol  to  the  dipping-needle.    The  cxpvri- 

at  would  be  scarcely  |)racticable  with  a  solenoid   properly  so 

1.  on  account  of  its  weight;  but  it  can  be  performed  with  a 

[)e  plane  cireuit,  such  bs  that  sliown  in  Fig.  &17.    If  such  a 

nit  is  nicely  balanced  about  un  axis  through  its  oviitre  of  gravity. 

id  plaetn]  so  tlwt  it  can  turn  frocly  in  tlie  plane  of  the  niaignetio 

ridian.  tlie  passing  of  a  current  through  it  will  cause  it  to  set  its 

perpendicular  to  the  direction  of  a  dipping-needle.    This 

is  due  to  the  action  of  terrestrial  magnetism  on  tlic  tipper 

and  lower  sides  of  the  rectangle.    TIio  plane  of  the  rectangle  is 


rtg,  ai«.-rtilaDf  HoUmU. 
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rejiKsented  ia  the  Gguro  an  coindding  with  tlM  dinctiaa  of  ^ 
In  this  positloD  thu  action  o(  tematrinl  magnBtisni  xa^  tfaa  ojfv 
side  hackwetvds  mid  Hits  lower  »i<l<i  forvrurd»,  and  stable  eqidUlitna 

will  be  attained  «ifi 
the  rectangle  bu  tmi»4 
through  90*. 

799.  Hntul  Aetiai 

of  Solwoldi.— aoLfBMJi 

behnvft    Uk«    nagBlb 

not  only  u  ngatdi  Ifci 

forces  wbidi  tbfjr  «i- 

petience    from    Icma- 

trial     nuign«UMii^  tal 

also  OH  ngarJt  Uw  at 

tioos  wbidi  ihwj  oat 

upon  one  aooUMT.  Th> 

similar    [Kites   of   t*f 

solcDoids  nipal,  aad  Ik 

unlike  pulcsattnetwk 

otJicr,  on  we  taay  tad; 

prove    hj    lotpMim 

one  solenoid  traa  • 

Amp&re's  stand  and  lirinfpng  another  near  it. 

The  reason  of  th«Ae  attroctioiu  and  repulsions  is  iUtutnifd  V* 

Fig.  ^\S.     If  two  austral   polra  are  flaml 

^^a^    ^ap^     opposite  each  othttr,  a«  in  the  uppn*  jtdd 

flHlB]  UMt       the  figure,  the  ctirrcuta  are  circulation  P^ 

^^^^V   ^^^B      them  in  opposite  dircctionH.  and,  bj  tlw  Im 

A       3^^^      of  parsllej  currentB.  should  UwKfofi  npi 

cacl)  other;  whereas  if  two  diadinilsr  |^ 

be  placed  face  to  face,  th?  rumMs  «UA 

ctrculato  round  tliem  are  in  the  now  iB» 

tion,  and  attraction  sbonM  tbrrvfoc*  «■» 

Lastly,  if  one  pole  of  ui  onllaarj  uafHl 

be   brought   near  one  pole  of  a 

aolvnoid,  as  in  Fig.  519,  repnUioQ  or 

tion  will  be  exhibited  acccwding  u  ihr  pJa 

in  quetdJon  are  similar  or  dlwimilar.     In  tli*  position  refavMala'  a 

the  figure,  this  action  ia  mainly  due  to  the  action  of  Iha  tans)  H* 

of  the  magnet  upon  the  descending  currents  in  the  dov  adi  if  tk 


Hf.  wa.—Vitf  ul  Kltwiinl  ul  XilvnolA 
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Bold.  Tbia  action  coiuuU  in  *  forco  to  tt)«  loft  hand,  notfly 
iltl  to  the  axis  of  th«  solenoid,  which  t«iids  to  make  the 
Boid  rotate  about  On  supports,  and  thus  to  bring  th«  end  A  of 
Boloooid  into  contact  witb  the  end 
I  the  mognAt 

i  nay  be  Altown,  by  the  aid  of 
ikre's  formula  for  the  niutiiitl  foroo 
Ttea  two  elements,  tliat  th«  inii- 

•dion  of  two  solenoids  is  «qai- 
nt  to  four  forcea,  din-ctod  along 
I  joining  the  polea  of  Hw  iwlvnoids, 

varying  inveiwly  oa  tlin  W{uani 

ho  <liiftanccH  between  tlte  poles; 

forces  botwe«n  simitar  poW  boing 

LbiT«.and  the  other  two  attractive. 

(  Analogy  betvecn  solvnoidjt  and 

(nets  ifl  ditui  cntnplct4^. 

99.  AsUtic  OfrcuiU.— When  it  h 

tvl    to    eliminate    llm    tnftu'>nc<> 

JBmstfial  msgnetUni  in  «>loctTo-d}-nAmic  experiments,  ao  astatic 

DH  may  be  cinpUivwI  as  the  movable  coitduetor.    Two  auch  cir- 

i  ATD  roprmentcd  in  the  accompanying  figures  (Figs.  520,  521). 

md)  of  them  tho  current  in  one  half  of  th«  circuit  eireulatM 


rift  Ut.  -  AoUon  or  IbcMt  CO  KelnMU 


a 


i 


AitoUc  arcDlU. 


iVm 


in  the  other  againfli  th«  hands  of  a  watch,  thus  prodne- 
and  oiipoHitu  tendendes  to  orientation,  which  ilostioy  om 


M<  Ampere's  Theory  of  Ma^otiBm. — In  accordance  with  the  pre* 
jig  &i]tB,  Ampiyrc  propoundi-i]  the  hypotlKwis  tluit  what  i-t  called 
tutiam  oODsista  in  tliu  extst^rnce  of  electric  currents  circulating 
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round  the  particles  of  tiiagnetic  bodies.  In  iron  or  aUci 
iinniagnetizod,  according  to  this  theory,  the  curreoU  aTouad  ifil 
poTlieloH  havo  ditlbrcnt  directtoiu;  but  when  it  is  tnagnHiKil lla 
directions  of  nil  aru  tlie  »uinic.  Fif;.  hii  ropretumu  ui  idetl  MCtita 
of  a  magDetieed  bar  at  right  tuigies  to  the  directiuii  of  itn  tm^Sa- 


Fig.  Git 


AmpcrlBii  VocRuu  In  HigiwU 


ncitt 


tJon.  Oa  the  neighbouring  t'acea  of  any  two  particles,  the  ffotdtt 
are  in  opposite  dircctioois  hcaco,  by  tlio  lawn  of  mduoui  einiMlL 
there  is  a  mutual  dustrucUoa  of  force  thrtmgli  the  wlwla  inloM 
and  the  rvHultaut  olfect  in  the  same  as  if  there  wen  can* 
drculating  round  the  exterior  of  the  magnet,  as  re|iRMiilid  ii 
Fig.  523. 

Magnetization  by  influence  depends,  ocoording  to  this  t) 
the  tendency  of  currents  to  set  tbcnisclves  parallel  and  u  — ^ 
diructioDs;  and  if  the  Hubstance  magnutixed  poawMM  eoenivitMl 
the  direction  thiLtiinpresjtod  onitscnrrentApenislsBftartlwii 
is  removed.     lu  soft  iron,  on  the  contrary,  they  rcsanto  tlwir 
irregularity. 

Ampere's  theory  of  magnetism  is  in  complete  ocoonlann  inAi 
known  facts.  Uut  it  adnuta  of  quefltion  whether  it  t*  ^fhrV 
deduce  the  laws  of  magnetiam  and  electro-magnetutn  fruis  Ibw' 
electro-dynamics;  or  to  adopt  the  reverse  order,  and  deduco  litli" 
of  electro- dynaiuiei  fi-oni  those  of  elcctro-iuognutiun. 

795.  Rotations  of  Ho^aets. — The  following  expcrimeitt  bdw* 
Ampt>re.  A  ma^et,  loaded  with  platinum  at  ita  lowtr  eoitti^ 
upright  in  mercury  contained  in  a  glaea  vesaet  (Fig.  5S4)  Aovi^ 
is  hollowed  out  in  the  top  of  the  magnet  This  oontain»  mtrmj. 
in  which  a  point  diptL  On  connecting  one  of  the  ("rrrh"**  ^  * 
batter}'  with  this  point,  and  the  other  with  the  outAi  edge  d  At 
mercury  in  the  vessel,  tlie  magnet  is  seen  to  rotate  oo  In  aik  V 
the  north-seeking  pole  \a  uppermoet,  and  the  pottitive  pule  of  ^ 
batterr  ie  connected  with  the  pointy  the  directioo  of  rUMM » 
N.E.S.W. 

The  Ampcrion  explanation  of  this  phenomenon  is,  thai  it  it  ^ 
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t  leUoo  bttwMQ  tho  outward-flowing  current  in  the  mercury 
JUsperuui  cunenta  wlitch  circulate  round  tho  magnot.    The 


'^ u  roproMnt«(l  hy  tlic  iutowb  n  C,  C  m  in  Fig.  SSo.nrcopponito 
itdi'huMls.  Tbe  outward-ftowing  current  in  C  D  attracts  tlio 
Rt  in  C  m,  xince  th«y  aro  both  directed  away  from  liie  angular 
,C,  and  repela  the  current  in  «  C.  Hence  the  magnet  is  made 
lata  in  the  direction  m  C  n,  opposite  to  that  of  tho  Ampcrian 


Hxpm 


iuent  is  sometiuusB  varic<d  by  making  tho  point  dip  in 
ury  in  tho  vommI,  the  ma^ot  being  allowed  to  float  fr«ely 


r^  Ha-BqluttUan  d  fUUMam. 
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li,  and  a  metallic  ring  being  immenicd  at  the  outer  edge  of  the 
try,  to  which  the  current  flows  out  in  all  directions  from  Uie 
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point.  As  soon  &§  the  circuit  ts  completed,  the 
revolve  round  the  point  The  rotation  will  be  in  Ute  bumJ 
na  in  the  othvr  form  of  th«  expcrimunt;  tbst  ia  to  sny,  if  fl 
flovi-s  outwanlt  from  tlie  point  to  th«  edge  of  tbo  tmuI,  tM< 
of  rotAtion  will  be  opposite  to  tJiat  of  the  Ampsrian  canvnl 
magncL  This  is  ea.iily  explaineil  by  tbe  biws  of  pantkl  t 
for  the  cuiTcnt  in  0  C  (Fig.  520)  attracts  the  Amperian  CB 
m,  and  tlio  current  in  O  D  repels  tbo  current  at  n.  Th«  toag 
therefore  move  from  O  D  to  O  C,  and  will  nsvolve  rotiiid  C 
■lin-ction  N.f'^S.W. 

796.  Ifa; netization  by  Carrenta. — 'Amp^m's  theory  of 
leadfi  naturally  to  the  conclusion  that  a  bar  of  iron  or  sted  I 
magnetized  by  meajiH  of  a  currenL     Arago  was  the 
lish  this  fact,  but  witliout  a  clear  apprehension  of 
necessary  for  siiccojii.  or  of   the   criterion  for  deter 
will  be  the  auHlral,  and  which  tlic  boreal  polft     Anp^nfll 
the  idea  of  introducing  the  needle  to  be  magnetized 
cf  a  solenoid,  and  tbe  result  confirmed  hia  jovdiction 
of  tlio  needle  would  be  turned  the  same  way  as  tboee  i 
netixing  helix.    This  is  what  must  happen  if  tlte 
helix  force  tlie  Amperiiui  currents  in  the  bv  into 
themselves,  so  tliat  all  rotate  the  same  way. 

It  is  to  be  remarked  that,  in  this  proccBs  of  mi 
portions  of  the  currents  parallel  to  the  axis  of  the  buJix  | 
etTect.  The  wire  through  which  the  current  ts  to  be 
winitid  like  thread  upon  a  reel,  returning  altcmatvly  fm  «l' 
and  all  the  convolutions  will  contribute  to magn'-t'''-"-'  the  iatl 
way,  although  it  is  evident  that  tlie  helices  are  in  tbt*  i 
right-handed  and  left-handed.  Tlic  oortb-eceking  atMl  i 
po1e:s  may  be  in  nil  caxe»  distiogui.shcd  by  the  rule  that  I 
in  which  the  current  cireulatea  in  tlie  eoil  U  against 
seen  from  the  former  and  with  watcli-hands  as  »>.'«'n  froat) 
or  it  may  be  remembered  by  the  nilo.  that  if  I  idmtify  a} 
fn  imagination  witli  a  portion  of  the  wire,  and  suppOM  i 
to  enter  at  my  feet,  while  my  face  is  towards  the  na 
seeking  pole  will  be  to  my  left.  In  1  and  3  (Fig,  ii 
austral  (or  north -seeking),  and  b  the  boreal  pole 
needle,  when  the  current  in  the  helix  has  tho  direetloal 
the  arrows. 

Jf  the  dinwtion  of  wimling  is  changed,  in  th«  : 
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so  that  oa  seen  from  ono  <^nil.  the  dirtH^tion  in   whk-h  tlie 
It  circuUtes  is  in  one  part  with  and  in  another  af^oinst  the 


V,<tMMHJlHIHJfM)lfW>t^^ 


c^ 


*"     ■        '^JL^^^f.^F'i 


Txrrrninnnraa^ 


Ehds  of  a  watch,  oonuquant  points  (§  CR9)  will  b«  formud  at  thu 
fitti  of  ctinugc  Thus,  if  th«  current  «nt«r9  at  Uic  Icft-liaml  uiid 
^Hl  eoil,  Ui«  points  a  a  will  be  austral,  and  the  poiiiU  b  6  boreal 

1^7.  ElAOtro-ma^eta. — ^Vrago  wae  tho  firat  to  obaerv-e  the  ellect  of 
itA^m-nt  in  iiui;^iutuuDg  soft  iron.  On  plunging  in  iron-filing  a  wire 
"Ckii;;!!  which  a  vciy  ntrong  current  waa  paasjng.  he  observed  tliat 
*  filings  clung  to  tlio  wire,  that  they  placed  their  lencih  taiusen- 
tl^  ii>  it,  and  that  thoy  fell  off  when 
current  ceasvd  to  paa*.  Each  filing 
Jpotly,  in  tliis  oxporimont,  a  tittle 
pliu.-in;'  ibti^'lf  at  ri|^ht  angles  to  tho 
lt>  A  c/liii'lrical  t-nr  of  iron  can  be 
tally  nuignetuietl  by  wrapping  round 
II  iir  insuUtcd  wire  and  sending  a 
si  tlirough  this  coil.  Stoat  copper 
^i>  gcneraUy  cuiployvd  for  this  pur- 
Snch  an  arrongenmnt  is  called  an 

3ffWt. 

.  bar  has  often  the  honie-aboo  form,  as  in  FJ;;.  1^28,  and  in  this 
t  central  part  ia  usually  loft  bare.  Tliw  direction  of  winding 
eodn  muat  be  hucIi  that,  if  tlio  Ijnr  wore  htraiglitened  out,  the 
would  circulate  in  the  same  direction  round  every  part.   This 


IV  im-BanHb«  XlMttu- 
Bafp4t 


[S|rnec  -if  inumipcea,  uw  ouirueEioii  ok  ui«  id 
complete.  Tho  small  n-mntniag  magDOtization  is 
rmdiuil  mn^i^tism.  It  is  frequently  sufiicicntlji 
the  tu-nmture*  in  oa»tact  witli  the  magnet,  and  il 
employment  of  imposing  springe,  if  inatautai 
desired.  The  mere  act  of  separation  suffices  to  i 
put  of  tho  rMidual  magDotism. 
Fig.  529  ix-i)rc«cnt«  tJX  olcctro-DiAgiKi 


I 


t >t  tv     riirlrii  iMffil  irtik "11  idtt 


Opposing  spring  g.  The  armature  A,  with  ita 
the  axis  V  V,  The  oppomng  spring  g  has  ono  a 
tho  other  attached  to  the  «nd  of  the  Inver  t.  Il 
remove  tho  armature  from  tho  magnet,  c  uu 
whose  distance  can  be  regulated,  and  which  i 
menU  of  the  armatmtL 
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ladseed  CoTrents. — Induced  currente  may  be  deeeribett  u 

enU  produced  in  conductor;)  hy  the  influeace  of  neighbouring 

ita  or  mai^cto.    Their  diaooveiy  by  FarntUiy  in  1831  con- 

I  tax  epoch  in  thi>  history  of  etectri<^  scieiUM.    Wv  shall  firet 

ibt  «onu  modos  of  produciag  them;  and  then  stftte  thvir  general 

30.  Carreats  induced  by  CommeneemeBt  «nd  OeMBtlon  of  Currettt*. 
two  coiU  lie  wound  upon  the  aam«  fnuoe  B,  one  of  l))i;ui,  ca)l«<) 


nt-  U*.  -Cumol  Iadnn4  ^  cnin»Mii«n«n  or  OwmMi* 

I  aeooudary  coil,  h&ving  its  end^  conn«cteti  with  tiie  lHndiag-«crewa 

lie  pal  vaao meter  O,  while  tht-  en<ia  of  Uie  other,  which  is  caUe<l 

I  priiiiary  cuii.  dtp  in  two  cups  of  mercury  gy  connected  with  the 

I  plAU»  of  the  voltaic  element  P.    As  lung  as  the  cum>nt  in  poffitng 

ily  in  Uiv  priniAni'  coit,  tiii>  nix-'lk-  of  tli<-  ^■nlviuiotnettir  rviiiaini 

but  if  ttie  curn-nt  Ut  awppcd,  hy  lifting  a  wire  out  of 

of  Ute  mercury  cups.  tli«  nwdle  i»  immediately  <ledcctcd,  in- 

'  the  existt'nce  of  a  cum-nt  in  the  same  direction  tut  that  whtc)i 


tojiow,  it  indium  an  inverae  eurrmtt  in  an^i^^ 
when  U  cfaaes,  it  indtieea  a  diivct  current;  (>^| 
thu-9  intlucrd  are  merely  inst'intnitraus.  " 

891.  Currents  Induoed  hj  Variations  of  Strtngtli  o. 
—Employing  the  same  apparatua.  let  ua,  while  tiu 


fig.  Ul  — LHITKIl  <ri 

is  passint;.  connect  the  two  mercury  cujia  liy 
tlius  (liviJing  the  circuit  (§  747),  and  cattaing  a  gi 
tJie  current  in  the  prininry  coil.  At  tbv  instant.  dE 
ncction,  the  needle  of  the  galvanotueter  w  alfeeb 
s&mo  direction  as  if  the  primary  current  were  »top[ 
the  00DiH>cting  wire  out  of  one  of  the  cupa,  so  ■■  ta 
increase  in  the  current  in  tlio  primary  coil,  the  nc 
nnrvM)t«  Hinvtinn.       WkMt  a  McntMkl  < 
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,  uul  lort  thu  primary  coil,  wilb  the  current  pa.'tsing  in  it, 
liljr  introduced  into  iU  interior.     The  gaIvaiK>niet«r  will 
Mf  the  production  of  an  invonw  current  in  the  Herondary  coil. 


tig.  ui~i.«ni*»ia>luicii  "J  i.ii>iiCEi4  tiiiWi«i 

ton  the  ne«dl6  has  come  to  rest,  I<-t  l]io  primuy  ooil  be  witbdmwn, 
A  direct  cum?ut  will  bv  imlimlL-d  \'y  tlio  galvanometer.     Tbeae 
snta  dtHVr  from  Uioeo  prvvioiLnly  inciili<>ncd  in  l>ciDg  loiut  sudden. 
%fy  last  w  h^ng  u  tho  relative  muiion  of  tlio  two  ooib  conttnuoa. 
II  a  <w?i(/«<*»r  amvej/ing  a  evrrmt  fl/ym»adlieH  or  is  appnxuActt 
nei'jUbourittg  eondiKtor,  an  inverse  cvrvent  »  induced  tn  M« 
tatter;   amt  tcVi«n  uno  of  tfte«e  amdtuiora 
tnoivv  awtif  fnmi  Hit  otlur,  a  diivet  etur*nt 
M  indncfd. 

803.  Mairneto -elMtric  Indaction. — As  n 
current  may  be  re^rded  oh  n  tnagiMit 
(§  711),  and  a  iiin;^ct  may  Ix^  nr^nlod  aa 
a  i^t«in  of  currents  (§  794),  induction  mn 
bft  oflectcd  by  n  lua^ot  as  well  as  by  a 
coiL 

Let  A  hollow  coil  bo  eonncctvd  n-itli  a  [^1- 
vanometi^r,  and  a  magnet  liuld  over  it.  oit  in 
Fig.  ''•Hi.  At  luug  OH  tliv  niagnvl  ruuiaiiu 
BtAtinnary,  no  current  is  indicated;  but 
whin  Olio  fHile  (if  Mil'  magnet  Ir  llirust  tnl'i 
dor  of  tbu  roil,  the  nctitU'  in  ilrllectod  by  an  inijiulse  wbicli 
I  only  aa  long  aa  tli«  nintion  of  ilm  magnet.     If  tho  nwgnnt  U 
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wbol«  fieli]  cut  up  into  tubcta  of  force  in  such  a  luannpr  thtl,  il  t 
eron  wetion  (an  ec^uipoteiitial  surfoct.-  as  reganls  mn^ni'lic  i«Mtiii) 
be  made  in  any  part  of  the  field,  thu  number  of  Uxim  per  oiulrf 
aeetional  aroa  is  ctiual  to  tlio  intensity  in  that  pari  of  the  BelL  It 
L§  more  usual  to  spt-ak  of  numbtf  <•/  Unea  of  foree  titan  of  nau^ 
of  li^ea,  tho  convoiition  b«tiig  that  vach  tub«  cotitoina  one  liM;  t«l 
tlic  counting  of  tiiU-^  rather  than  linen  han  the  advantage  o(  nataialif 
allowing  fractional  parts  to  be  reckonu^l,  and  not  suggeatins  tl» Ua 
of  discontinuity. 

Tha  tabea  of  force  due  to  a  magnot  are  to  bo  regarded  aa 
attached  to  tin-  niagnet>  and  carried  witli  it  in  all  it« 
wlicthcr  of  traiLiIation  or  rotation.    They  undcr^  no  eha»^'«nf 
or  fonn  iinlesa  tlie  magnet  itetelf  ondei^goes  cliauges  in  )U  m»f^ 
zation. 

These  conccption-i  being  premise<l.  Uie  quantitative  laws  t4  ituhoi 
currents  con  be  Htat<xl  M-ith  great  .liniplicity  and  complt^ 

1.  When  a  conductor  i^  moved  in  a  m^nctic  tield,  th« 
UOTIVE  FORCE  generated  by  the  motion  ia  equal  to  the  nai 
tube.t  which  tlte  conductor  cut«  througli  per  unit  time. 

2.  If  the  conductor  furnm  [uirt  of  a  cIommI  circuit,  tin  crtMOt 
generated  in  the  circuit  itt  the  cjuutient  uf  the  number  of  tutwA 
through  per  unit  time,  by  the  resistance  of  the  circnit;  and.  )M^ 

3.  The  whole  quamtitit  of  electricity  conveyed  by  the  enmalh 
the  ({uotiout  of  the  number  of  tubes  cut  tlirougb,  by  Uw  roiditf' 
of  thi;  circuit.  The  quantity  of  electricity  conveyed  by  a  oomala 
brief  <lumlion  is  mcAiurrd  by  ohwrving  the  swing  of  a  gai^-mw^* 
needle  (§  722).  It  i.s  proportioanl  to  the  grcat«at  di-viation  of  ^ 
needle  from  zero,  provided  that  tliw  deviation  U  amall,  and  tlutlW 
duratioa  of  the  current  33  less  than  that  of  the  swing.  ^^llcB  uf^ 
mcnts  on  induced  currents  are  mode  under  these  oonditkA,  S  ^ 
found  that  the  deviation  of  the  needle  depends  only  on  tba 
and  filial  positions  of  tlie  body  which  is  moved,  htaog  ljiil)iaiii^ 
hoUi  of  ttic  path  token  and  of  t)ie  velocity. 

The  <Iependence  of  Uie  quantity  of  olcctridty  indoeod  u;  '  " 
number  of  tube^  cut  Ihrougli,  van  disoovun'd  by  FonuUv,  wtIwrih'' 
lished  it  exporiuientally  by  moving  a  looji  of  wire  in  variiM*  «>||^ 
in  the  vicinity  of  a  magnet.  The  three  foregoing  lawa  wm 
fact,  tiuWbantially  established  by  the  serios  ot  leseardba  is 
these  experiments  occur.' 

*  Ratartia,  roL  liL  nriM  niiU, 
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in  eounting  the  iu1>rs  cut  throuj:;]),  it  is  neovsoiy  to  attend  to  th« 
direction  of  Uio  current  duu  to  th«  cutting  of  each  tube  Thcwe  tuhcA 
wfaidi  are  to  cut  as  to  givu  cummts  in  one  direction  round  the  cir- 
cuit (wb«o  t««t«d  b7  the  critorion  ui  §  80n)  niUHt  have  one  si^n  j^vcn 
thcin,  and  those  which  give  currvnta  tii  Uic  opixjaite  direction  must 
bo  reckoned  as  of  the  opposite  sign.  It  ia  in  every  cane  the  algebraic 
Mnn  that  in  to  l>e  taken;  and  if  a  tulic  is  cut  onoe  positively  and 

EDf^'atively,  it  mtiy  be  It-ft  out  of  tliv  reckoning. 
7.  Dednetion  of  the  Law*  from  ElMtro-df&amic  Prineiplea. — Ttie 
in  llic  [■n'codiog  wetinn  are  dMliicililr  l.y  the  principle  of  energy 
frmn  Maxwoll'a  rule  <g  7HS).  which  niwertA  tliat  t]te  meclianical  nvrk 
r>i|ui4ite  to  produce  a  given  displacement  of  a  circuit  in  a  magnetic 
field  is  equal  to  the  strength  of  the  current  multiplied  by  the  num- 
bar  of  tubev  of  force  cut  through.  Call  this  number  it  and  the  cur- 
C.  Then,  if  there  ts  no  other  elcctro-ntotive  force  in  the  cir- 
bamdo  tliat  which  in  due  to  the  motion,  tlie  work  Cn  niuxt  )w 
to  the  energy  of  the  current,  which  is  E  C  t,  (  denotiitg  the 
Ilcnce  we  have 


K-7 


is. 


tite  elfctro- motive  force  'at  equal  to  the  nuuilxtr  of  tubes  cut 
per  unit  time. 

the  circuit  contaiiui  a  Iiattery  of  electro-motive  force  K,,  the 
supplied  by  this  battery  is  E^Cf;  hence  we  have 


Or 


BOIsI^CI+Cb, 
E=B.+7. 


U,  tlw>  eleutru-motive  force  E-Eo  produced  by  the  nxition  is 
to  the  number  of  tub«.-s  cut  through  per  unit  time;  uiul  thuno 
to  be  counted  as  potutivu  when  tlin  direction  of  tlie  niotioo  is 
Vl>f>*e<l  to  the  furocH  of  the  tii-id,  hinen  we  have  Nupi^jisiyl  [)0Kitive 
•^th  to  1)0  KUppUcd.  The  inihici^il  current  i&  tiierefore  with  or 
totttnjj  the  original  current  according  as  the  motion  is  agttinst  or 
thn  muttinl  fni'cr.i  bi^twiroii  th*^  current  and  tho  field. 

Tabs*  of  Force  for  Besultaat  and  Compononta.— The  principla 

itr^-onitton  can  be  applleil  to  tiilwa  of  force.     For  if  we  rostJvo 

Jo  force  into  any  two  cotiipntirntM,  thi>!Wi  llm-e  furces  will  be 

itad  hy  the  thnu  y'ldrs  of  a  triangle  an  ui  Ki;^'.  J'i^,  vrhcre 

snta  tlie  resultant,  and  U  A.  A  C  the  two  components. 
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as  di 


t1«  I3& -Sap«rpoiliiaBotTubw. 


By  producing  cadi  side,  and  drawing  b  paimll«I  to 
the   opposite    angle,    wo    ol>tain    longitudinal    sections 

tubes,  whose   croaa  eecUons 

portiona)  to  the  perpondic 

sides  from  tlio  opposite  tngUO 

perpendiculars    are    invendy  m 

sides    (since    side  X  perpeodical 

double  area  o£  triangle).    Bene 

cross    sections    ol    the    three 

arii   inversely  as   titu   forces,  an 

number   of    tubes    per   unit  ar 

cross  section  will  b«  directly  t 

forces. 

In  moving  parallel  to  B  C,  do  resultant  tubes  are  cut,  and  j 

component  tubes  are  cut  from  the  right  to  tlie  left  as  fium  i 

tlic  right  of  a  person  travelling  with  the  component  forces. 

perpendicular  to  B  C,  through  a  distanije  equal  to  A  D  the 

eulor  from  A  on  B  C,  tlie  fraction  ^-p,  of  one  compooeot  to 

and  the  fraction  -^  of  another,  the  sum  of  these  fnetii 

unity.    Hence,  in  every  motion,  Ute  number  ofcompentaU 
(reckoned  algebraically)  is  egtuU  to  th«  nnmber  o/rt9idtant 

In  dealing  with  terrestrial  magnetijuii,  it  is  often  eonTsslM 
con-sider  separately  the  tubes  of  vertical  and  of  horizootal  f 
example,  effects  depending  only  on  horizontal  force  can  bs 
by  confiidering  the  horizontal  tubes  alone. 

809.  Uniform  Field. — In  a  6eld  of  uniform  iniensi^  tKi 
force  ainnot  bo  curved,  for  if  they  were,  the  equi]»t«ntial 
which  cut  them  at  right  angles,  would  not  be  equidi^lant. 
be  nearer  tiigcthcr  on  the  side  next  the  centres  uf  cur^iUun 
the  opposite  side,  and  tiie  force  would  be  gre»test  wbsni 
faces  were  nearest  (§  GO*).    The  lines  of  force  in  a 
intensity  are  therefore  straight;  and,  since  tlie  tubes  ._ 
have  a  constant  cross  section  (§  607).  these  tubes  tniul  b»  tjm 
or  prisms,  and  the  liniui  of  force  parallel.     A  field  of  onifann  iri 
sity  of  force  is  Uicrefore  aUo  uniform  as  reganls  diiectioa  rf 

The  electro-motive  force  generated  by  the  motkn  of  a 
wire  of  length  L  in  a  Held  of  unifoim  int<^iiaity  1,  with  i 
translation  V,  Iteing  equal  to  tlie  number  of  tubes  cut 
unit  time,  will  be  L  VI,  if  the  length  of  tJie  wire  and  Um 
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Hlwb  BTO  porprndicular  to  each  other  and  to  t]ie  linos  at  tone.  For 
P^  oUirr  positioti  of  tlio  wire,  and  for  any  otlior  dimctioii  of  motion. 
,  the  BDinbcr  of  tubos  cut  tbrough  will  ovidontly  bu  less.  IE  tbo  length 
ol  the  wire  is  panUlcl  to  tlit  Udm  of  forci',  no  tul)i.-«  will  be  cut 
Ibroogh,  whatever  be  the  diroetion  of  motion ;  and  if  the  direction  of 
■otioQ  be  (karallel  to  the  lines  of  force,  no  tubea  will  be  cut  through, 
'whsim'er  bo  the  position  of  the  wire.  In  these  two  cased,  then, 
fiwn  b  DO  generation  of  electro-rootive  force  tending  to  |>roducc  a 
comnt  alun^  the  wir^ 

Trm»trial  inagfuctism  furnishes  us  with  an  example  of  a  uniform 
Sold,  BO  long  aa  we  eouBiie  our  attentJoii  to  a  C4{)a«e  of  moderate 
dfanenstons,  such  a.4  the  interior  of  u  room. 

810.  Morsment  of  Lines  of  Foroe  with  Change  of  Uagnetization. — 
■Am  lung  as  a  piece  of  iron  or  nteel  remains  unchanged  in  its  inag- 
[■■llratiun.  its  tuboa  of  force  are  to  be  conceived  of  as  a  rigid  i^tvui 
rigidly  o(>nnwt«d  with  it  When  tliu  intcnflity  of  ma^nrttiiation  i^ 
Inervtwed.  new  Uihtu  arc  addod  and  the  old  onw  are  cruslted  together. 
The  new  tube*  are  to  b«  ngardod  as  coming  into  existwce  at  tlie 
:  na^etic  axia  of  the  inagiiot.  an<I  putditng  tlie  old  oiiea  further  away 
I  from  the  axis.  When  the  intensity  of  magnetiration  falls  off,  a 
I  tMwnw  motion  occurs,  and  the  axia  absorbs  those  lubes  which  lie 
next  it. 

Similar  remarks  apply  to  changes  of  strength  in  a  current.  The 
£u»  iif  magnetic  forco  due  to  a  current  in  a  straight  win>  are  drdeN, 
■od  the  tubes  of  force  are  rings,  having  the  wire  for  Uioir  common 
|WEia.  Wli*<u  the  current  reeeives  an  increase  of  strength,  tlia  new 
[ffaif^  must  all  l>e  conceived  of  an  starting  from  the  wire,  and  push- 
Knit  (>u^  the  old  rings  before  them,  and  on  the  diminution  or  cessation 
Ot  tht?  curn^nl  a  mverw  movement  occurs. 

Vbun  a  rurrent  suddenly  c<niimciice«  in  a  wire,  or  a  piece  of  soft 
■v^iMi  is  nddenly  inagnetiiced,  the  cIIVm^  upon  a  neighbouring  con- 
"UtAor  if)  the  same  (ao  far  as  this  nource  of  magnetic  force  is  con- 
^fttird)  as  if  the  conductor  were  sud<U>nly  movi^l  up  from  a  gnat 
^AUnoe  into  its  actual  position,  lite  experimenU)  nwialtM  demribod 
^k{j  800-803  are  thus  only  ]>articular  ca.<K«  of  the  gfu«nil  jirinciplos 
Hj§  805,  HOC. 

^■BU.  Unit  of  Reaiataneo. — Units  of  length,  maia,  and  time,  having 
^^hMlsctod,  uttil/nve  is  defined  as  ttiat  which,  acting  on  unit  mass 
^Ruiit  Um«.  geDcratos  unit  vi>lorily. 
^BA  magnetic  pole  of  unit  strengtii,  or  a  unit  polt,  is  delined  a.t  that 


drcuit  in  whicli  unit  cun-ent  doea  unit  work  in  el 
and  unit  re»u<tance  is  the  rceJ^taace  of  a  drcuib  in  w 
motive  force  would  produce  unit  currvut. 

The  counio  of  the  above  invostjgattion  nhoWN  t 
lengtl),  niosH.  iukI  time  are  sullicit-nt  to  det«rnuno  a 
inniitJoiu-d.  It  can  be  further  &hown'  that  the  anj 
imiopendcnt  of  tlie  unit  of  mass,  and  depends  onlj 
len-;^h  and  time,  being  directly  &s  tbo  unit  of  lungl 
AS  Die  unit  of  time — a  property  whicb  is  alivo  cha 
unit  of  velocity.  Hence  a  rosistuice,  like  a  Telot 
quately  expressed  in  nwtrM  per  aeconiL  The  unit  i 
conimonly  employed  is  the  Mm,  which  U  defi 
metres  per  second.  The  reMatonoe  of  a  Daniel 
office  pattern  is  about  20  ohms.  The  resistance'fl 
marine  tolegraph-cablo  is  from  4  to  12  ohma.         ^ 

81S.  laduction  by  moaos  of  TerreBtrial  UagnetiM 
or  any  other  form  uf  cloned  circuit,  netivtt  a  taavt. 
tion  in  a  uniform  field,  no  current  a  generated,  I 
number  of  force'tubes  are  cut  negativeiy  u  poeiti. 
currents  are  generated  by  the  motioo  of  a  clotuxi  ein 
trial  magnetic  iield,  must  therefore  be  due  solely  to 
munts.  Huppose  the  circuit  to  ccaisist  of  a  single  d 
let  it  bo  initially  plaoed  so  that  its  plane  is  perf 
dipping-nc(>dle.  and  therefore  perpendicular  to 
force-    In  thtti  position,  the  rnunbox  olibrcn-t 
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hu  cut  tiirough  ftU  Ui«  tubus  wliicb  ]>asiMyi  tUroti};li  the  ring, 

tttiuu};))  in  onu  »cdm  the  two  hklvvs  Inivc  Win  cutting;  llio  tub** 

lt«  (liroctions,  the  application  of  tho  crit«rion  of  §  SOI]  shows 

k th*  raulUng  eurrenta  are  in  th<!Bam«  tliivction  roiiml  Uie  circuit. 

auniboroC  lubes  cut  through  is  tlierefore  to  bo  nickoned  as  2r)-*I, 

I  the  quotient  of  thu  by  tJie  time  occupied  in  a  aeini-txivolutioti 

be  avura^'H  vicctro-inotivc  fi>roe  (§  SOD).      If  the  rutatioo  be 

i>na,  tlio  actual  vli>ctra-nioUve  force  is  grvatoat  in  tltu  niiddie  of 

ni-revoIution,  and  is  xero  at  itA  coinmenoemcnt  and  teruiina- 

Durii)^'  tho  other  balf-revotulion  the  circumstancos  are  pre- 

}-  the  sauic.  except  that  tho  two  halves  of  the  ring  have  cliat^;ed 

If  wo  cotnparo  tho  currents  in  two  poeitiona  of  the  ring 

differ  by  180*,  we  Me  Uiat  the  current  round  tliu  rinj;  has  the 

I  direction  in  qiaoc,  but  oiipon)t«  djroctioiui  s»  n^^^arda  the  rinj; 

ill.^lead  of  a  single  ring  of  wire,  we  have  a  circular  coil  ctriiniKt- 

i  atty  number  of  convolutions,  with  ita  two  ends  united,  tlie 
priiici]>los  apply.  If  there  are  it  convolutions,  tJio  electro- 
ive  form  will  be  n  Unws  greater  than  with  one.  but  as  the  reeut- 

ix  alto  n  timcK  givatcr  the  strength  of  current  U  the  aanie. 

the  n|i))ianituM  cnllcil  Dclastnne'B  Citxie,  a  ooil  of  wire  revolreit 
i  a  diaoteter,  but  the  two  ends  of  the  coil,  insttrad  of  brin^ 
Itly  united,  are  bo  connected  with  the  two  ends  of  the  axis  of 

ioa  tliat  the  circuit  is  completed  through  a  galvanometer.  On 
jng  tile  coil  rapidly  by  means  of  a  handle  provided  for  tlio 
I,  a  current  is  indicated  by  the  galvanometer,  nni]  this  current 
Bad  lo  bo  Klrongittl  (for  a  given  rate  of  rotation)  when  tJio  axiii 
rpondicular  to  tlio  dipping-neodlc.    If  tho  axis  is  inclined  at  an 

9  lo  the  dippio^needle,  tlii>  current  U  jin)portional  to  sin  0;  and 
axin  is  parallel  to  the  dipping-nee^ik*  there  is  no  current  at  all. 

i  gi%'en  position  of  the  axis,  the  current  varies  directly  as  the 
1  of  rotation.  When  tho  time  of  a  revolution  ts  only  a  small 
ion  of  the  time  in  which  thu  neixllc  wuuld  oscillate,  the  turia- 

of  electro-motive  force,  and  cuiiNitiiK'ntly  of  current,  which  take 

during  a  revolution,  haw  not  Lime  to  manifest  tbenisolTet,  and 

tAection  of  the  noodle  i»  ttwt  due  to  the  average  current  It  ii 
inu7.  however,  that  a  cmumutator  be  employed  to  prevent  the 
of  the  cuTT4-nt  at  radi  lialf -re volution.  Tlie  proportJooality 
suireot  to  wn  0  in  eatily  inftirred  from  the  prindples  of  the 

ulng  sections;  for  if  ilie  plane  of  a  circle,  instead  of  being  per- 


"  p«i5i»(r.  Within  a  giam  earn,  in  um  eentra  or  uie'ei 

Uic  oirth's  magnetic  force  whicli  ooiiie«  into  pUiy  in  I 
is  only  the  horixontal  conaponent,  or  I  con  1,9  dcnol 
it  is  worthy  of  remark  that  variatian.i  in  the  horiso 
not  alter  the  defection  of  the  needle,  sinoe  they  ft 
extent  the  amount  of  the  in<luc«cl  current,  and  tb« 
on  the  n^-odlo  tending  to  rxaist  deflection.  f 

All  t}ie  other  eleinent^t  involved  were  dutonniMi 
and  h(>nce  the  value  of  R  in  metres  per  second  wai 
comparing  the  resistance!!  of  other  coils  with  tlmt  o 
this  experiment  (a  comparison  which  can  be  uiJtdo 
racy  hy  means  of  Wheatstoae's  bridge),  their  valm 
second  were  at  once  determined;  and  it  was  ^ 
resiatance-coil  of  ton  million  metres  per  second,  (fl 
amount  of  resistance.  M  the  rosbtonces  of  mel*la 
hcat,ii  Ktandard  coil  can  only  W  oorn-ct  at  one  partici 

814.  iBduetlon  of  a  Current  ob  ItMlf:  Eitra  Cant 

tions  of  thi^  s&uie  wire  are  side  by  etide.  Uie  ituddci 

or  ceeeation  of  a  current  in  one,  induces  a  current  i 

as  if  they  were  portions  of  two  unconnected  cireuil 

this  kind  occurs  whenever  a  current  oommeiwes  oi 

«ach  c-onvolution  cxerming  an  inductive  influenca  t 

action  ii  called  tlie  induction  of  a  eurrmt  itpon  il 

rent  due  to  it  in  called  an  extra  cumnt, 

llie  extra  current  on  the  commenoomMit  of  th«  n 
I       .1  >     .   1  »• - ■  -        — ^-^^m 
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lodl  titdoMK  A  cure  of  eofliron.    If  ui  obeervor  holds  inhubudi 
ro  motaUic  h&ndl«it  pcriiiim(ri)Uy  connect«d  witli  the  tvo  ends  of 
a  coil,  uid  if  the  drcuit  of  the  buttery  ia  alternately  made 
broken,  he  will    ret^ive  a  Hhock   from  the  extra  current  at 
iDtcmiptioo.     If  the  interruptions  succeed  each  other  rapidly. 
[■hyMiologinl  eflect  may  become  very  intense.    Many  of  the 
employed  for  mcdiad  purpotios  are  comitnicled  on  tlits 

Special  contnvuiccii  are  provided  for  producing  a  rapic]  sucoosbjoo 
iatemipttons  at  regular  int«r\'als.     They  are  called  rheoU/nut  or 
rm.     8ometitne8  they  consist  of  toothed  wheels  turned 
luuul, — BOtuetiiDCS  of  vibrating  anaatures  moved  automatically. 
815.  Rnhmlcorirs  Induct ion-eoil. — Iiuhm-d  cum-nt«  eapablaof  pro- 
very  striking  cH'ecte  arc  funii.thvil  by  the  apparatus  first 
illy  constructed  by  KuhmkortT,  and  licnce  known  M  Bubm- 
Ts  ooiL 

It  contaios  two  ooib  of  wire,  one  of  tliem  forming  part  of  tlie 
lit  of  a  battery,  and  eallod  the  primary  coil;  while  in  the  other, 
Ilcd  tlic  secondary  ooil,  the  induced  currents  are  generatetL  In  tlio 
I  of  tliu  coils  iji  a  bumllu  of  Htout  nlraight  wirvs  of  soft  iron,  witb 
disc  of  tlie  «amo  material  ut  uicli  end,  to  which  tlie  wires  are 
itod.  Arwind  thb  core  ia  wound  tlie  primary  coil,  consisting  of 
teopper  wire  about  two  millimetres  in  diameter.  The  ends  of  tliis 
are  shown  at  /  and  /.  The  secondary  ooil  eonsista  of  much 
'  wire  (about  a  quarter  of  a  millimetre  in  diameter)  and  of  much 
or  length.  In  large  instnunenta  tlio  primary  coil  may  have  a 
.  of  HO  mutrea,  and  th«  a»oondary  a  k-ugtb  of  150  kilometres 
s).  Sprvial  precautiotiM  must  )>«  taken  to  inaulate  tlie  dlf- 
,  convolutions  of  tlto  mconndary  ct>il  from  one  another,  and  front 
rimary  coil.  I'he  two  ends  of  the  Reoondaj'y  wire  are  at  the 
j-«crewB  A.  B.  which  are  supported  on  gla«s  pillars.  Jt  U 
that  if  currents  are  alt«-matcly  paaavd  and  sloppMl  in  the 
ooil,  there  will  Iw  an  alternate'  gt^'tierution  of  eurrcnts  (or  at 
evrnlA  of  oloctro-u>otive  for««)  in  oppositu  directions  in  tlie 
idary  coiL  Tlir  action  of  the  core  is  liinilar  to  lliat  of  the  soft- 
bar  in  Vi^.  534.  and  ite  inductive  efTeci  ia  always  in  the  same 
Jon  as  tliat  of  llie  primary  ooil,  for  the  primary  coil  may  itself 
I  ngarfJcd  as  a  ttmiporary  magnet  with  ita  poles  turned  the  same 

as  tlioM  of  tlio  cure. 
The  two  ends  of  tltc  primary  coil  are  in  connc«tion  will)  tbo  two 


bat  for  lii;gu  instmmcntA  Foiicault's  conUct-br 
'a  rcpmentocji  in  it«  place  in  Fig.  r>36. 

The  virta  from  Uie  Imttcry  are  ftttMhod  at  b  and 
(!nt«ring  for  flx&mple  at  b,  pt^aats  to  Uie  otmimutato 
through  a  brass  bar  let  into  the  table,  to  tlie  end  / 
coil.  Having  traversed  this  coil,  it  cooies  out  at/,! 
to  a  vertical  pillar,  can'\'ing  at  its  upper  end  a  ttpri 
transverae  lever  L  is  attached.  One  end  of  the  Ion 
which  jiLst  (lips  in  tlio  mercury  of  the  vessel  U,  tb* 
is  iiiDtallic,  and  is  in  oommuntcntiou  with  b'.    Tb»  i 


omfftTATOa 


ras 


Igain  <1ip«)  In  the  mercury.  »nd  completes  tlio  circuit.  A 
of  Absolute  alcohol  ia  UHUally  poured  on  the  Hurface  of  the 
md  sorvce,  by  it^  omini>nt  noa-conducting  pow«r,  to  make 
iptiotu  and  renowaU  of  t)iu  current  more  sudden. 
imtUutor  C  is  A  frM]ucnt  apj  eiutngo  to  electrical  apparatus, 
ting  to  stop  the  current  from  pa§sin^,  or  to  make  it  ptw 
lirectioa  at  pleasure.  As  Ittted  to  Rulimkorff'a  coil,  it  tiA4 
e  form  represented  in  end  viaw  and  Urd's-eye  view  in  the 

of  Fig.  537.  There  is  a  cylinder  of  insulating  niiitenal 
f  nwaiiK  of  metallic  axle- 
■ulatin^  BupportJi.  One  of 
nds  ia  connected  by  mcftns 
»«r  g  with  the  brasa  plat4)  C 
irfaoo  of  the  cylinder.  A 
ite  C  CO  the  op]>a<ite  aide 

manner  permanently  con- 
it  the  other  axle-end  by  tlie 
These  two  platw  C  C  leftva 
ham  A  eontidorablc  portion 
Blatiag  surface  of  the  cylin- 
md.    In  the  position  repro- 

Fig.  637,  the  two  bindinsr- 
L'  are  ronnocted  tcepecti%'ely 
wo  axle-ends.  If  the  com- 
van  turned  (by  ita  tnitlod 
lugll  ISO*,  these  connections 

revetsed;  and  if  it  wvrc 
rougb  DO*,  the  conm^ctioos 

Interrupted,  m  the  contaci- 
r  would  bemr  against  lh« 

portion*  of  the  insulating 

The  milled  tivad  U  of  course  insulated  from  the  iixl«<«itla 
rotect  the  o]>orator. 

Uk  from  ladvotioQ -coil.— When  the  ondt  of  tho  secoadarjr 
Oooetecl.  ciirrontM  IravvrHe  it  alternately  in  oppottit«  direo- 
btt  primary  circuit  la  made  and  broken.  Tliote  appo«it« 
oavey  eqanl  qtiantitiee  of  electricity,  aitd  if  Hity  Are  em* 
'  docotiiposinj;  water  in  a  voltamoter,  th*!  Mine  prup<^rtioils 
1  and  hydrogen  are  collectj'ii  at  both  uli-ctrudcu.  If,  how- 
nd*  Are  diiieonnectcd,  so  that  only  disruptive  diixclinr^re  can 

M 


TIK  WT-~Ow«l»W. 


786 


INDUCnOX   OF  CUBBKHTB. 


occur  between  tliein,  tlie  inverse  current,  on  aeeouni 
electro- motive  force,  in  unable  to  overcome  the  mt«rveiuDg 
and  only  tbe  direct  current  pWHes  (thai  is,  the  carrent  {iroda 
brenkii^  tli«  primary  circuit).  Th«  ftpftrks  are  usually  trom 
to  about  IS  inchcfl  long,  according  to  the  size  and  power  of  Ute 
ratus.  and  exhibit  effects  comparable  to  those  obtained  by  da 
luscliioes.  A  Lcydon  battery  may  be  charged,  ghus  |iMn 
voiiibustiblv  Iwdius  influiiied. 

Th«  grt-ttt  electro-motivtt  force  of  the  induced  currents  whidi  b 
ii  to  produce  these  striking  effecte,  depends  on  th«  grMt  anal 
convolution;s  of  the  secondary  coil,  and  on  the  suddenMN  4 
iDterruplJons  of  th«  primar}-  currant.  Tbe  average  electnM 
force  is  tlie  product  of  the  numK-r  uf  cuuvulations  by  iImm 
of  tubes  of  force  whidi  cut  through  them,  cli<ri'UW 
time  occupied  (§  S(Ht). 

Tim  discharges  from  a  RuhrokorO's  oocl  bt<BM« 
violent  and   detonating  if  the  two  electnxla  if  | 
secondary  coil  are  oonnecioci  rcspoctivvly  iritk  iW 
coatings  of  a  Leyden  jar,  bat  the  length  otiht^ 
is  very  much  diminislied. 

loiluction*  coils  are  often  used  for  Giini;  nte 
nieanit  of  Stathaiu's  fuse,  which  ia  reprewati^  !■ 
annexed  figure  (Fig.  5S8).  Two  copp«r  wim  «• 
with  gutta-percha  have  titeir  eods  sepant^d  fcrXri 
of  a  few  millimetrea,  and  incloaed  in  a  little  efim, 
gutta-pvrcha  containing  sulpburet  of  ooppK  1 
again,  is  inclosed  in  a  cartridge,  CO,  which  b  fiM 
with  gunpowder.  The  two  wim  art  fi-aiim*^  1 
tlie  two  ends  of  the  secondary  ooil,  mitd  whai  tlM 
strument  ia  iset  in  action,  sparks  pMSS  botwi-ca  l^i 
A,  B.  heating  the  stilphuret  of  cojiper  to  ndneas,  and  ■ » {knt4 
powder. 

817.  Discharge  in  Rarefied  Gasea — Whem  tbe  ends  of  tlw  mcMI 
<-oi]  ore  oonnvctcd  with  the  electrodes  of  the  eluetne  egg  <Fi|. 
which  ha»  linit  been  exhausted  as  oomplotely  as  ptMuUe  by  thi 
pump,  a  luminous  shvuf,  of  purple  eolour,  ia  seen  ■it<inyH"ig  faoi 
positive  ball  to  within  a  littlu  dtstaiios  of  tho  ncgaUva  ball, 
latter  id  surrounded  by  a  bluish  glow.  Tho  bluu  and  popb 
are»cparat«d  by  a  small  interval  of  dorknnw.  U  oUmv 
used  itintead  of  air,  tlie  tints  change,  but  there  is  alwa 
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of  tint  betwoco  the  positive  and  negative  extrcmlUcii. 
aid  of  tlio  coniiiiutator  it  is  easy  to  reveree  the  current,  &n<l 
biluou  at  [)lva.turv  an  inturcliangv  of 
LumncM  prewntod  by  tlie  two  t«r- 

iforo  exhausting,  we  introduce  into 

'a  little  alcohol,  turpentine,  or  other 

I  li<iuid,  the  light   prcsenU  a  scries 

All    Imnds   altcmiutiiig   with   ditrk 

I   Plate  11.  fig.  1  represents  tln^M 

KfauM  as  aeen  in  vapour  of  alcohol. 

phenonkenon  of  atratiGcation  is  seen 

9  advantt^  in  long  tubes  than  in 

kric  egg;  and  tlie  prceence  of  ainv 

F  otlMtr  vapour  may  bo  diap«us<.-il 

I  Uie  axliaustion  be  carried  autn- 

'far.  as   in  the  tubes  oonsbructod 

tier  of  Bonn,  which  contain  various 

ay  hi);hly  rarcfiod,  and  have  pln- 

rini  aualod  into  their  cxtrvmitira 

I  aa  electrodes.    Four  .such  tuU-n 

Btented  in  Plate  IL    Certain  sub- 

Nuch  as  uranium  ^'liu«s,  and  solu- 

lulpbatu  uf  quinine,  bucotne  lunnn- 

Iw  {mMDeo  of  Uie  electric  light, 

■  called  Jluaretwnt.    Suclt  ituh- 

|iro  often  introduced  into  Uebtsler's  tubes,  for  the  aake  of  Uie 
I  efiecta  which  they  produce. 

itxpehneDts  of  Oassiot  and  De  La  Roe. — Ity  uieaus  of  a  batt^^ry 

tiiousauds  of  coUb,  discharge  in  rarolied  giwos  can  be  obtained 

the  use  of  an  induction-coil,  aiMl  with  tlio  advantaga  of 

atoailinees.     This  lia«  been  done  by  Mr.  Giw.siot,and  on  a 

lo  by  Mr.  I)e  Ia  Kue.    Tlw  Bttaliflcntionfi  are  Htill  observed, 

abaolululy  fixed  in  poHition  to  tlie  naked  eye.    When 

by  a  revolving  mirror  they  are  found  to  exhibit  the  appear- 

ia(itd  suocfoaion  of  discharges. 

La  Hue's  battery  coasists  of  11,000  smalt  chloride  of  silver 
when  all  the  oella  are  used,  a  steady  stroam  of  fire  paataa 
Ui»  terminals  as  soon  as  they  are  brought  witlun  about 
of  each  other,  iu  air  at  at4iiosphcrio  pressure. 


ncua-liMMcrce 


mDucnoM  OP  coKKSinn, 


reon  ^M 
1  ttw  fl 


819.  Action  of  Ma^sote  on  CurreBU  in  Ban9»d  QiMi; 
Inmmoua  diacliarges  in  GviiMl<ir«  tubtM  exhibit  Uw  |irufNfl 
currents.    Thoy  uru  capable  of  de&eeting  a  mftgnoUud  mmD 

are  theniselvea  nct«>J  aa  byi 
as  in  Uie  following  exper 
soft-troQ  rod  (Fig.  -ftO)  ir  ii| 
interior  of  b  gla«B  vvhmiI 
Uiu  air  can  be  tixhjitinUK).  < 
willi  an  insiilaliug  aululaiifltjj 
vent  diaehargo  betweon 
inetAllic  rini;  vrbii^b  sut 
ibf  loH'or  vivL  Wbun 
of  a  battery  un)  cuotMcUxlcM 
tbU  ring.  ukI  tlio  atbvr  will 
upper  end  of  the  a{: 
ous  sheaf  exhutib  fniui 
ttiwardi)  Uie  wir«  rttij;,  and  , 
the  itoft  iron.  If.  while 
Uu*  condition,  we  iilaoo  Uawd 
iipfMratiu  uov  piilr  cither  ti  ■ 
ituini'iit  nia^et  or  on  rJocttiho^ 
the  soft-iron  rod  is  mn^intlaJi 
the    taroiooas    stnaka   iuamft 

begin  to  rcvolvv  round  it>  Uiv  direction  of  rotation  baing  i 

acoortlance  with  tlie  rule  of  §  712. 

820.  Magneto-electric  Haehioei. — FanMbii" 
ductionof  currents  by  uagnets,  was  speedil^v  isi; 
tion  of  magneto-electric  machines,  which,  wilJiiiat  a  Wt 
no  other  stimulus  tlian  tliat  oflbrdi-d  by  tlie  pn-«enoe  uf  a 
magnet,  enablu  tliu  upvraior,  by  tlio  cxpcmJiLun  of  tat 
to  obtain  jtowerful  «lvclricai  i!tr<M;t«.     Tbv  tintt  tnaduua  i 
was  constructed  in  183:t  by  I'ixiL    A  utagnt-t  A  wai  iDwJa  I 
cioee  to  a  double  coil  UB'  (Fig.  £4]),  in  wliic)i  a  corrMitj 
generated.    The  construction  was  in)pro%'cd  by  Sojttuu.  i 
wards  by  Clarke,  who  insdi;  the  luaj^et  tix<^,  nad 
which  h  uiiirh  lightvr,  to  rutato  in  front  of  iL     (I!bu^'>  i 
extremely  well  known,  being  foond  in  nearly  all  cullectkui  d  pi 
cal  apparatus. 

8IU.  Clarke's  Hacliine. — In  this  machine  than  b  a  cnaff 
hmse-aboe  magnet  &ced  to  a  vertical  snppori.    CStae  in bBM! 
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m-Ar  tts  polca,  lure  tvro  oomwebMl  coUii  (,  (',  ooca  containing  a 
con.     Tiic  two  com 
bjr  ft  pUU)  of  ooppor 
■idv  next  the  m&gnet,  anil 
pUt«  of  BoEt  iron  on  tlie 
side.     Th«  ilin-ction  of 
ling  in  tliu  tvro  colls  k  tho 
M  fur  on  onllnftT^'  bone* 
elcetru'iiui^tt.     'Hio  coUa 
moantwl  on  nn  axia  /,  which 
throuj^h   the    nupport  of 
■tee)   iiui^)i*t,  nnd  corricH  A 
Uj  nivons  of  an  cndhwa 
piMiiig  ov«r  this  pinion. 


mui-nuh 


d    ovor    A    Uurgn   wliuo)    to    which    a    handle    ts    lUtadied,   the 
ifam,  «ail  wiUt  ib  tin  coils,  cui  Im  nuule  to  revolve  rkpitil}'.     The 


rt;  Ma— Ci'miniititKafVluks'i  llublait. 


Itono-flhos] 
iiru  alwayt 
u>  Uicwe  o 
wliidt  ore 
to  tJienL 
nugmtiiCRi 
the  soft-iron  uiagn«i  is  horizontal,  rsniHlK's  when 
paseing  through  the  vertical  position  uatlcrgoce  i 
one  direction  of  inagnctimtion  positive  and  the  op{ 
tivc.  the  stTOngosl  pusitivu  magniiLiauition  coma; 
two  horizontal  jxKitiotis,  and  th«  Ktrongeat  negat 
two  p<Mition»  rlitfertng  by  180*.  While  the  mag 
ing  from  one  horizontal  pooitjon  to  tho  other, 
changing  from  the  strongest  positive  to  the  strc 
this  change  prodacus  a  current  in  one  definito  d 
rounding  coil.  During  tlie  next  half-rcvolatioi 
is  again  gradually  reversed,  and  an  oppoutc  cun 
the  ooil.  If  we  examine  Uie  direction  of  the  c 
catting  acroas  of  the  lines  of  force  of  the  pemuu 
convolutions  of  the  coil,  we  shall  find  that  Uit-i 
duo  to  the  action  of  th«  cortM  The  currttnt  in 
in  onu  direction  aa  ling  as  tlic  I'lvctro-niagiu^ 
horizontal  position  to  Uie  other,  and  diangos 
slant  when  the  cores  come  opposite  the  poles 
By  the  aid  of  the  oomiauUtoi  npnsuated-iaJ 
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Xf»y  from  E  U>  G^,  r  is  in  conuu:t  with  E.  nnci  r'  Willi  E'.  When 
HnvDt  in  Lhu  coil  is  in  tltu  opixisito  dirvctjon  (E'  to  E),  r  U  in 
cC  with  K',  and  r  with  E;  thus  in  each  ca^o  r  is  the  potiiivu 
'  tb«  negative  spring,  and  the  current  will  bo  from  r  to  r"  in  an 
Bal  ocnuiecting  wir«.  00,  CO',  are  metallic  pieces  insulated 
i«clt  other,  aotl  cotmected  with  the  iiprings  rr'  respectively. 
bg-acruwB  are  provided  fur  attaching  wircH  tlirough  which  the 
it  Is  to  be  paaited. 

tb  tliia  machine  water  ran  be  deoomposed,  wire  beat«d  to  red- 
or  soft  iron  magnetised;  but  these  eflects  are  ttsually  on  a 
aeale  on  aiwount  of  the  smalt  dimensions  of  the  machine. 
!  giving  abociu.  two  wirc«  fumiKhfil  with  nit'takllic  tiandles  are 
i«d  to  tJis  binding-«cniw8,  and  a  third  itpring  ia  employed  which 
e  tiMiiiinaU  EE'  in  dinxt  ooonecUon  with  cad)  ottit-r  twice  in 
volution.  )>y  making  contact  with  two  platen  q.  When  thcM 
c«asi-,  the  current  is  gr<:atJy  diniiniahed  by  having  to  ivum 
;h  the  body  of  tlie  pi-r»oii  hoMing  t)iu  liaiidlm,  and  the  extra* 
thos  induced  giv«»  tJiu  shock.  To  obtain  the  strongest  effect, 
ahould  bo  moiatoned  with  acidulated  water  before  grasping 
Ilea. 

Mapiflto-eleetric  Machines  for  Ltghthoosea. — Very  powerful 
can  Iw  obtained  from  magneto-electric  machines  of  large  aizo 
rapi'lly.  .Such  niachinca  were  first  sii^^cHted  by  Professor 
of  UruxM-U;  and  they  have  been  constructed  by  Hulmosof  Lon- 
id  the  Cwiipagiuo  I'Alliance  of  P&rts.  It  is  by  mcauM  of  these 
Baa  that  tlie  electric  light  is  maintained  in  several  lighthouses; 
iBVe  also  been  employed  to  some  extent  in  electro-uiclallurgy. 
M  represents  the  pattern  adopted  by  the  French  company. 
I  eight  rows  of  compound  horse-shoe  magnets  fixed  symiiietri- 
»und  a  caslriron  frame.  Tlicy  arc  so  arranged  that  oppooite 
llwaya  succeed  vacIi  other,  both  in  each  row  and  in  oacli  cir- 
icL  There  are  seven  of  these  circular  seta,  with  of  course  six 
entng  npaccs.  Six  bronze  wheels,  mounted  on  one  ocntxal  axis, 
m  in  llicse  intervals,  the  axis  being  driven  by  steam-powOT 
tittod  by  a  pulley  and  U-lt.  The  speed  of  rotation  is  usually 
860  revolutions  of  tlio  axis  per  minute.  Each  of  tJie  six 
FWbaeb  carrica  at  its  circumferenee  8lxte<en  coils,  corresportdiug 
number  of  poles  in  each  circular  f^U  The  cure  of  eaclt  coil  is 
tabe  of  soft  iron,  tliis  form  having  been  found  peculiarly 
able  to  rapid  demagnetlzatiou. 


i>p[)os)tc  ilirocUoiw  oro  goncratcJ  'm  the  coiU.  Tbe 
nect«d  in  diHuretit  ways,  according  m  gnwt  oleetz' 
small  resJAtaiici;  is  ri.-(juiruiL  The  |Msittve  enUt  at 
the  axis  of  tbe  machine,  whtd)  thns  serves  ta  tho 
and  a  concentric  cylinder,  well  inaulated  frotn  it 
iicgAtive  electrode. 

S^Hicn  tJie  machine  is  ctiipluycd  for  tho  prodi 
light,  the  currents  may  be  tratismiltetl  to  the  carr 
Date  directions,  as  they  are  prmluced.  For  vJm 
purpusi-s  thuy  are  brought  into  one  oonstant  dire 
uiuliLtor,  lis  in  Clarke'^  machtiHi  above  di«cribuil.  T| 
Mt/ininvl  tnr  liorhtJirHMit  riiitiwaa  ia  ■ImmJi  linw  h^m 
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.  Uua(kt[>Lion  of  a  pcciili&r  font)  of  «Inctn>-i»Ji^ct.  ivhtch  im  tvpre- 

iu  Fig.  5ir>.    Ttie  irun  portion  U  a  cyUtiiJt-r  witli 

.  very  ileop  and  wide  groove  cut  along  a  pair  of  oppo- 

itt«  titlvi,  and  continued  round  the  ends.     Tlie  coil  i-i 

rountl    in    tliia    groove   like   thrciul   upon    a    bliuttli!. 

Jvil  as  an  doctro-magnet,  Uie  poles  am  not  tlio 

of  thi;  cj'iinder,  l^it  are  the  two  cylinilriml  faoca 

rhidi  have  nut  been  cut  away.     In  Fig.  54(!,  a  6  is  a 

tian  uf  the  armature  with  the  coil  wouikI  upon  it 

H  M  N  is  a  fockct  within  which  th<>  armature  revolvcH, 

le  puTtioriA  A  D  huiii^  of  iron,  ami  M  N  of  hroas. 

The    advanlago   of    Hivwcnn*   armnturv   U    that,  on 

Mint  (if  Uie  fliitnll  spaee  r<.-qutre<l  for  ita  rotation,  tt 

t<c  kept  in  a  irj^ion  of  very  intense  magnetic  forco 

thts  iiM!  iif  compurativ-ely  Kmall  magnets.     Its  fonn 

alw)  rmin'-iitly  favouialile  to  rapid  rotation.     It   is 

Iwtwccn  thi-  oppoait«  polw  of  a  row  of  honto-shoo 

Bta  whivh  timtnde  it  kIdii^  lhi>  wholv  of  ttM  lon^th, 

9wn  at  the  top  of  Fig.  'ylfi,  and   ii  r))tntot)   by 

.  of  a  lIrivinf^^aad  pansing  over  the  pulley  shown 

lower  end  of  Fig.  54.">, 

The  ]Ni)or)ty  uf  the  i-lpctro-mniniet  is  rcvonwd  nt  vach 

If-reviilution    aH   in   (.'InrkcH   arrangenent,   and    Uio 

lt«nuit4.'ly  oppoail4>  currents  generated  an  rcdiioni  to  a 

nmon  direction  by  a  commutator  nearly  idnntiuLl  witJi 


kn'H,  aod  repreaentcd  in  Figs.  M5,  &47.    Sie»i«n.V  machlnM  ant 


t1«.H» 


jf 


Its.    ■mUm  1  MuMM- ArMONft. 


la  MI. 


nMMf. 


mud)  mor«  powerful  tlian  CJArkc't  when  of  tho  samo  size. 
8:14.  Acoumnlation  by  Suuesaive  Aotion:  Wilda'a  Maohina.— By 


magnet^  we  can  obtain  a  current  of  much  gwatat  jc 
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n  r  rut*t«&  Tb«  cumnt^  goncratcil  in  the  coil,  after  Xm'my; 
i  to  A  uniform  direction  by  n  cx>tniuutator,  flow  Co  the  binding- 
p,  q,  Ttiette  are  the  torrninalA  of  tho  ouil  oE  the  larg«  electro- 
t  AB,  thxoagb  which  aecordingly  the  currt-nt  circulat'^s.  The 
this  electrO-mognet  (wnsbbi  of  two  targe  plates  of  iron,  con- 
above  by  anotlicr  iron  plate,  which  supports  the  primaiy 
i«.  ltd  lowtT  vxln-iiiitif«  Tvst.  Uke  those  of  the  primary 
It,  on  two  iron  mai(M»i  T,T,  acparatod  by  a  mass  of  brass  i- 
aecond  Siomena'  armature  F,  of  large  »\r.c,  rvvolring  wiUiin 
stem,  fumislien  the  currenlii  whicli  are  utiliiced  externally, 
te's  machine  produces  calorific  and  luminous  effects  of  rcnutrlc- 
tensity;  but  the  speed  of  rotation  required  is  very  great,  boiiig 
nos  1500  rei'olutioQfi  a  minute  for  the  large,  and  2000  for  the 
.naatunu  This  great  sj^od  involves  sorioiis  inconveniences; 
t  machioo  dom  not  appear  to  have  been  used  for  lighthouses, 
r  practical  pur|K»<v«. 

I«'s  priDciplc  can  be  carrier!  f urtlior.  The  current  of  Um>  aecoad 
re  can  be  employed  to  animate  a  second  electro-magnot  o( 
power  than  the  first,  with  a  tliird  Siemens'  armature  revolving 
n  its  pules.  Thin  hati  actually  been  dune  by  Witde.  By 
of  iho  cum^nt  from  UiiK  triple  machine,  driven  by  15  horee- 
a  liar  of  platinum  S  feet  long  and  a  quarter  of  an  inch  in 
tr  was  quickly  molted,  litis  Ryst«m  of  accumulatioa  could 
ly  bo  carried  several  steps  further  if  desired. 
AcoDmulation  bjrHatnal  Action;  I}3maiii»-electrta  Haobines. — 
a  and  Whfatstone  nearly  si mul Ian eou.'ity  proposed  the  con- 
lo  of  a  ma^eto-eloctric  machine  in  which  tho  induced  cur- 
ro  made  to  circulate  round  the  soft-iron  mi^ict  which  pro- 
hem.  Iron  has  usually  hoido  tnoes  of  |>crmaticnl  tnagnetiam, 
lly  if  it  has  once  been  strongly  magnettxetl  Thli  magnetiam 
to  induce  very  feeble  currents  in  a  revolving  armature.  Tlicse 
B  are  sent  round  the  iron  magnet,  thus  iocreaaing  its  magne- 
L  This  again  produces  a  proporijonate  increase  in  the  induced 
h;  and  thus,  by  a  fiucccesive  alternation  of  mutual  actions, 

rM  magnetizaUon  and  very  powerful  ctinrents  are  speedily 
Uachines  eonstracted  on  this  prindple  are  iadl»l  tijfiaanuy 
lu  the  machine  as  exhibited  by  Siemens  in  iHGJ,  the  cu> 
ta  diverted  into  an  external  circuit,  at  regular  intervals,  by 
matic  arrangement 
Ladd's  Uachiae. — Ladd  in  18G7  coa'«tructed  a  dynamo-ulcctrio 
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tti«  two  ]'<^'  '  .u.  (titlicr  end  are  of  oppuniU  sign, 
corea  are  let  into  nafiaes  of  soft  imii  31 M,  if 
two  armatures  a  a'  rotate.    The  ooU  of  thu  annati 
vfith  the  external  cireuit  containing,  for  exumplc,  tl 
for  exhibiting  the  clttrtric  li^iL 

On  tli<-  {irincipk-  of  mutunl  Action,  tlio  ttt«*trt>-t 
wi>  may  aufipowe  Ut  li*va  »t  &t>A  only  i 
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Ruhmkorlf  mo'lin«<I  tliis  arran^meiit  \>y  employing  n  .tin^lv  rotat- 
ing umalure  with  two  cotia  wauad  upon  it^  one  of  tlieiii  being 
«aaee(«d  with  the  electro-magnet,  utd  tlie  other  with  thu  external 
circuit 

887.  SiomoBs'  Uicbine.^  Si«inons'  dynamo-electric  madiine,  aa 
now  eoiutnicled,  It  stliown  in  V"ig».  B»0,  ">51. 

The  arniKttirv  connUtA  of  a  hollow  iroH  cj'limior,  on  the  outxiilo  of 
which  thu  win)  is  woumi  lengthwise  in  from  ten  to  twenty  8uccos- 
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MCtions.  each  six-tioii  Uin;;  wound  in  tho  Mine  nuinnor  u  the 

oId  coil  of  tbo  ori^ttuil  Sioniiiw'  anniUurc  (Kig.  !>•*'>),  and  being 

t«  it  ounoooted  at  ita  «nd«  to  two  oppowto  wgrnentu  of  a  com- 

tr,  aa  ir«ll  aa  to  on*  end  of  uaoh  of  tlie  twu  a^jacvot  aoctiomi: 

tbat  the  whole  wire  forms  one  continuous  ooil,  eonneeted  at 

auuber  of  it|uidi»tAnt  [>oiuta  with  ttiu  auocL'Asive  aeginvnta  of  u 

lutator.     '11)0  coin  inn  tutor   is  on  the  aane  plan  as  that  of 

(0  (Fig.  543),  tput  iiiHtt.'ail  of  oiily  two  sc^nentB  hiu  a  consider^ 

■t  number.     Two  contact  spring  or  flexible  baadl<«i  of  wire 

!■]  bruAhes  nib  upon  the  coiiiiiiulntor  at  two  jHfint»  ilxod  in  b[MCA, 

revolves,  onv  uf  Uiem  rv4X-iviii<^   fn^ni  ilic  unnatura  ponitiva 

tlie  other  oo^tive  electricity.     Tito  amiaturo  la  ni|iidly  rotntwl 

rmn  two  hcIm  of  c-itrvnil  iron  Lers,  one  out  a)>ove  thr  nrtnattire,  aa 

io  Fig.  SAD,  and  the  oLhi>r,  precisely  similar  set  bdow.    Tbun 


tfttor  whiclt  an  in  direct  connection  wlthl 
make  contact  witli  the  collecting  bnwlici^ 
two  revcrsaU;  and  ths  current  given  off  m  due  partly 
and  partly  to  tlie  neighbouring  sections  on  each  aid 
The  fixed  magneto  are  called  tite ^fi^tld-uiaifufta.  In 
tion  is  to  produco  a  strung  mKgnttie  ficM  for  ibe  am 
in.    Their  coiU  are  of  stout  wire,  and  th«  connM 


1 

ami 

UIL-Olfl 


such  that   the  whule   current  i^n«i»t«d   in  tk« 
through  thum;  thu  aruiaturu  coilft,  the  ficld-t 
external  circuit  being  joinixl  in  utioe.     Sob 
tield-nugnet  coiU  are  omogod  in  poraUol  circuit 
redifttance,  bo  as  only  to  receive  a  portion  of  tita  wl 

828.  Gramme's  Hiehine. — Another  well-known  typi 
eloctiic  muchine  is  tJiat  invent-?'!  by  XL  Gnininie,  tJii 
of  which  is  pt'culiar.  Ia-I  OD  EF  (Fig,  552)  bo  a  rinfi 
wrapped  round  with  insulated  copper  win,  and  revuH 
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w^  SmcoUtepolc»of  Uittringruinain  6x«<i  in  8pfto«.  tii«  oloctrio 
IK  Ute  copper  wire  i.t  Llie  aaiii«  us  if  th«  wire  coil  alone  rotato<I, 
Ore  remftining  stationary.  Tbe  efTect  of  ttits  rotation  would  be, 
J  in  Uia  portion  C  F  E  of  the  ooil  there  would  be  electro-moUvo 
ft  t«oding  to  produce  a  current  inone  direction, 
Qr  the  dirpctioa  CFE;  wbilo  in  the  otlier  half. 
p.  Iben  would  bo  electro-molivo  forcu  t«nd- 
[to  produtt  a  currunt  in  the  opposite  direc- 
^Uuit  U  tlie  din-ctioii  C  D  K.  The  eff&M  in 
two  Iwlveit  are  •ipj>u»iti:  aa  regards  tlie  cur- 

E'lidi  they  tend  to  produce  in  the  coil  lu 
),  but  they  are  tbe  same  aa  regards  tbe 
toutive  force  between  tbe  opposite  poiuta 
lid  El  aad  if  tho  two  cods  of  an  cxttfrDal 
luetor   be   maintAined    in    rubbing    contact 
1  the  coil  at  tbc«e  two  points,  a  |>eruianent 
Itnb  will  flow  through  it  in  virtue  of  this 
KO'inotive  force. 
he  a)>ove  reasoning  may  be  put  in  the  fol- 
jog  form.     Nearly  all  the  tubes  of  force  which  run  from  one 
i  tu  the  oUicr  of  tliu  permanent  ma^^nct  are  coucvntratcd  in  the 
kanoo  of  tlio  iron  ring;  one  half  tnivoning  the  u|i|)it  and  the 
|r  tlie  tower  half-ring.   ICadt  convolution  of  the  ct»l,  in  ascending 
fl  it«  lowest  position  E  by 

tof  F  lo  ita  highest  position 
utA  each  of  those  tubes 
taiid  all  in  the  samu  dircc> 
tuunoly,  from  below  to 
tu  dcMMnnding  on  the 
r  sidii  by  way  of  D  to  E,  the 
I  tube*  are  cut,  each  onoe,  in 
Bppoaite  direction,  namely, 
I  above  to  bolow.  Henco 
movement  in  EFC  gene- 
i«lcctr(i-motive  force  iu  one 
iioa  through  tho  wire  ooni- 

Ig  Um)  ooil,  and  the  movement  in  C  D  E  gencratca  electro-nwtive 
)  in  the  opposite  direction;  both  partj>  of  tlie  motion  consfunDg 
vduce  ilifTercnoe  of  potential  botw««u  the  convolution  at  C  and 
atE. 
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ISDDCnox  OF  CURREST8. 


The  dutaiU  of  tho  armftture  of  Omtntne's  machine  ait  sliOf 
Fig.  553,  in  which  dtfferont  parts  are  rrpresent«d  in  diSorttil  i 
of  construction. 

Tlici  ring  or  cor«  conntiitH  of  a  bundle  of  Iron  wim,  iliowit  i 
tion  al  A.     Tlte  copper  n-ire.  ooverHl  as  usual  witban 
mateiiaJ,  is  divided  into  a  numher  of  separate  coils,  as  B  R    Th] 
two  ends  of  each  coil  are  re«pectivc-iy  o>Dni.-ch>d  to  two  thick  pi*** 
of  copper  (one  of  wliith  is  marki-d  K  R  in  thv  6gun),  which  an  lb  ^ 
sogmcntit  of  the  commutator,  thiiir  nuhil>er  btsin^  «qaal  to  tb«  im- 
ber  of  sopomtt:  coiU.     In  pnMing  the  two  jiointa  otort  rMDirtp  Urn 
th«  poles,  them  copjkts  rub  agiun.st  two  bruMlica,  cooDectrd  n-^ 
tiveiy  with  two  binding-scrcwti,  one  forming  th«  po«itivii  anil  ihi 
other  the  negative  electrode  of  the  machine.     Aa  wb  bnub  atha 
contact  witli  two  or  more  coppers  at  the  same  time,  tb*  cmmt  k 
never  intenupted,  and  undi-rgoeH  but  small  fluctnationi  of  KtiMflk 
— a  remark  which  also  applies  to  Siemens"  machine. 

In  conflcquuncu  of  the  pretit  Ktvadine^s  of  tliv  currvnt  tbt»  obttiM 


fiiich  madiines  caa  be  used  instead  of  galvame  bittMm  fcr  c^'.' 
all  purposes.    The  machine  as  constructed  for  liand  o»  ti  •^J*"  • 
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SS*.  Fig.  SSS  repri'At'ntfi  a  larger  pattiem,  inlenJcd  to  be 
Uven  by  et««uu  power.  The  anuatuire  revolves  Wtwocu  the  poles 
^foar  very  powerful  electro-rDagnete  actuated  by  tbe  cuireot 
rhich  the  machino  prodticcs.  The  two  upper  rongitot«  may  be 
Bgarded  an  formiag  one  ma^et,  with  a  consoquent  point  in  the 
■nire,  directly  above  the  nrmaturo;  and  tlio  two  lowor  uingnt-t* 
;iv«,  in  like  manniT.  a  oonsotitiflnt  point,  opposito  in  name  to  the 
■nor,  directly  bduw  the  anitiUure. 

^pte  Uni  machine  with  a  ring  like  that  of  Qnunme  xtom  a  small 
|]>orut»ry  model  cmistrtictcd  by  PacinotU  at  PUa  in  tSCO,  and 
[■■eribed  by  him  )□  an  Italian  publication  in  iHCi,  but  it  did  not 
(generally  known,  nor  was  any  large  machine  of  the  kind 


»i» 


i'*ii) 


Uu  UhUm,  ha 


lo,  till  the  r«inventJon  of  tbe  ring  by  Gramme,  who  was  the  tlrat 
•duce  the  now  iinuaj  artangcmeat  of  collectjog  curronta  by 
buadles  of  wire  rubbing  on  a  oommulator  of  many  beg- 

I  macbines  as  those  of  Gminmc  and  Sieaieu  above  described 

direet-eurrent  machinvg,  Ix-cittiao  iho  eurrent  which  they 

through  the  external  circuit  id  always  in  the  same  direction. 

n 


^H                            EXiAc  18  TO  my,  cnrrent**  wnniw>  airvciion  t<t  nitw 
^H                            tioa  and  tbe  opposite,  the  reversaln  auccuediiig 
^H                         some  hundreds  or  thousands  of  tim«s  in  a  second 
^1                            no  coniinuttttor  in  i'L-c|uircd.  innamucli  as  (he  cti 
^M                           ture  ttsulf  IS  nlttirujitiiig  in  all  umchinos;  but 
^M                           apringa  rub  witliout  intoiruptioo  oa  the  sttrfaa 
^1                            cylinders,  bo  whicli  the  «ndii  of  the  amiAturc-ct 
^M                         sections  are  connected.    Each  c^'linder  gives  off  pi 
^M                         electricity  alteniatoly,  and  whco  the  one  is  glv 
^1                            other  is  giving  off  ncgativa     Thia  U  the  favoa 
^H                            ItouHCH,  bccumo  thf  nlti;riutting  currviit^  niako  1 
^M                         the  electric  lamp  bum  away  equally,  aiid  thus  fa 
^M                           i)f  the  li^ht  in  tlie  focuM  of  the  optical  apparatus, 
^1                            uf  an  alternate-current  inacliiiif,  if  they  arc  ch 
^M                           be  excited  by  a  cnrrent  distinct  from  that  of  tfat 
^1                            alternating  currents  n-ill  not  Horve  for  this  puqHi 
H                             829.  Wbeatstone's  Telefraphie  Carronts.— la  W] 
H                            ml  Telegraph  (more  fully  described  in  §  SlI)  t] 
^M                         currents  which  give  the  signals  are  produced  1 
^M                            Hat  bar  of  soft  iron  to  rotate  rapidly  before  ti 
^M                         liorae-shoe  magnet,  which  has  two  coan«cted  ac 
^H                         upon  it  in  the  same  manuvr  as  upon  electro-i 
H                         these  coiU  that  the  eurrents  are  generated,  the  in 
H                         porary  inagnet,  and  thus  inHuoncing  the  ooil^ 
H                          manner  as  if  it  were  a  pcnnancnt  magnet    flj 
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olwervM]  bj  Arogo  in  1824,  and  Bubtwqucntly  invwiigated  liy 

will  Sir  John  UenwheL     A  liorixoiitaJ  Oisc  of  copper  bb 

566),  i>(aoecl  in  Uke  interior  of  &  boK,  19  set  in  rapid  rotation  l>y 

turnuig  a  liandle;.  Just  over  tbu 
copper  disc,  bat  above  the  tltio  glass 
pUto  which  forms  lliv  top  of  tho 
box,  a  magtivtjzcd  needla  aa  u 
balanced  horizontally.  When  the 
disc  is  made  to  rotate,  (lie  needle 
is  observed  to  deviate  from  the 
m«ri<^liaa  to  the  dii-ection  of  thu 
rotation.  When  tbe  speed  of  rota- 
tion exceeds  a  certAin  limit,  Utc 
a«edU  is  not  only  doflvcted,  Utt 
round  in  contuiuooa  rotation  in  the  ume  dirvction  as  Uie  diflg. 
explanation  is  to  be  found  in  the  currents  which  are  induced 
disc  by  iU  motion  in  the  %ncinity  of  tho  tnagnetir^d  needlv. 
between  these  currents  and  the  needle  are  (by  Lens's  law) 
,aa  to  MT)fe  the  disc  Ijockwards;  and,  from  the  univvnsal  relation 
Mfaabtii  between  action  and  reaction,  they  must  be  sucli  as  to 
the  needle  forwards,  hence  the  motion.  The  direction  of  tl^H 
Ced  current  throogli  tlie  centre  of  the  disc  at  any  instant  is  along 
diaui^ter  which  b  directly  under  the  needle,  the  circuit  being  com- 
d  through  the  lateral  jMrtioosof  tho  disc;  and  it  is  evident  that 
mot  thus  flowing  parallel  to  tlie  needle  underneath  it  tends  to 
ucc  detlection.  If  the  continuity  of  the  disc  is  interrupted  by 
alits.  the  obierved  etTect  Ls  considerably  weakened  inasinudi  an 
vtum  circuit  Li  broken.  Faraday  succeeded  in  directly  denion- 
lug  the  existence  of  currents  in  a  dvx  rotating  near  a  (Ixed 
let,  by  exploring  its  surface  with  the  amalgamated  ends  of  two 
I  connected  with  a  galvanometer. 

«  flxpnrinMUit  performed  by  Arago  may  bo  reversed  by  suiting 
BiagtMii  in  rotation,  an<l  observing  tlii>  efloct  produced  on  tho 
The  latter,  if  delicately  .lu-spended,  will  bo  found  to  rotate  in 
le  direction  as  the  magnet.  This  experiment  was  flmt  leer- 
ed l>y  Babboge  and  Berscbel.  Its  explanation  is  identical  witli 
jnst  given.  In  both  coses  tiie  induced  rotation  must  bo  slower 
that  of  the  body  turned  by  Itand,  as  the  existence  of  the  induced 
»ta  depends  npon  tho  motJon  of  tiw  one  body  relative  to  the 


>tum 


-y  of  a  copper  disc  in  cliwi' 
lie  utiiJvr  whicli  it  i»  fixed.  A 
to  either  side,  its  niottoii  induces  eurretita  in  the 
the  needle  in  the  oppoait«  direction  to  that  in  i| 
When  it  reeta  for  an  instant  at  the  ostrmmty  ol! 
rents  ecaec;  and  aa  Boon  as  it  l>e};ins  to  rott: 
resist  its  motion.  A  cop|HT  plat«  tlius  need 
the  vibrattoiut  thus  resisted  and  doetroyed 
The  name  Ia  ai)iilii^l  to  any  other  me«os  for 
vibrations. 

The  resistance  which  induced  currents  opf 
dociog  them  is  well  ilUu^tratc-d  by  Faraday's  en 
euift  A  cube  of  copper  is  suHpended  by  a 
hy  twisting  the  thn-n<I  and  thou  allowing'  it  to  i 
ning,  it  lit  iivld  bct^veirii  tJ)u]>oli':foC  a  powerful  maj; 
seated  in  Fig.  4-t'>,  it  is  instantly  brought  alrnool  I 
ore  brought  very  near  together,  ao  as  to  huigbtt-o 
tield,  and  a  thin  sheet  of  copper  is  inserted  XtL-fi 
rapidly  in  it»  own  plane,  the  opLTatur  fvelH 
MOin«  inviniblit  inlluvnec.  The  sooaatlon  has 
of  cutting  cheese.  Foucault's  a]>[«ratus  for 
disc  by  rotating  it  between  the  pulee  of  a  "vmpiiH 
illustration  of  the  same  principla  In  all  cases  1 
rentA  arc  gcniTated,  and  an;  not  called  opoa  li 
work,  they  yield  their  ftill  ujuivalent  of  Itcnt. 
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•m»dic«l  HMbioM. — TIic  ftpplii^tinti  of  fleotricity  u 
to  for  certain  norvom  ftllocti'^at  and  local  i^oralyaes. 
Hauy  diflei-ent  forma  of  apparatus 
are  employed  for  this  pur|)0B6. 
On«  of  the  most  convoiiicnt  U 
roprwentcd  in  Kg.  557.  Two  Htnal) 
coiI«  connoctwl  with  oacli  otlicr, 
fttul  fumii«hod  with  a  vibraliog 
contacH>reaker,  are  tiaveraed  by 
the  current  from  a  nitnialurc  bat- 
tery. The  coila  are  surrounded 
by  hollow  cylinders  of  copper  or 
biBKi,  in  which  indticn<)  currents 
arc  gcnorabvd  lu  often  m  the  current 
in  the  coiIh  b  ostaUtahcd  or  in- 
terrupted. Tliia  action  diminishes 
the  energy  of  Uis  axtra-curruntM 
on  which  the  shocJc  depends,  and 
the  operator  c&d  accordingly  T«ga- 
late  its  strength  ac  plcamira  by 
sliding  the  cylinders  on  or  off 
CastioD  rcfardloff  Linos  of  Fores. — After  the  very  extensive 
toh  lioa  b*cn  uadu  in  thiH  dtapter  of  lines  and  tubett  of  force, 
ik  it  right  to  caution  the  render  agatnat  supposing  that  these 
^ODs  depend  ut>oj)  any  doubtful  hj-pothedi-i.  They  merely 
ike  ucridiaiifl  and  parallcli  of  latitu<le,  to  map  out  spaoe  in  a 
unvenient  for  the  slatenient  of  physical  lawa 
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834.  Eleotrie  Telegraph:  History.— ITio 
could  be  transmitted  tnstantaneoualy  to  greiU 
augg^ted  the  idea  of  employiog  it  for  "g"»l'tTt] 
already  referred  to  in  Jj  636,  pcrfonncd  senreral  i 
kind  in  Uio  neiijlibourhood  of  London,  th«  moel 
the  trnnRmisfltoii  of  the  dlacharge  of  a  Leydeo- 
feet  of  wire  Huapcn<led  between  wooden  poln 
This  was  in  1747.  A  plan  for  an  alphabetical  t«)e 
by  electricity  is  minutely  described  in  the  Scots  , 
but  appears  to  have  bcon  never  experimentally  r 
1774,  cr«ct«d  at  Geneva  a  telegraph  liac,  oooaiBi 
wirc«  connected  with  the  same  number  of  piti 
each  representing  a  letter.  Reuaser,  in  Qennat 
same  year,  to  replace  the  electrosoc^es  by  spangl 
the  letters  themselvea  The  diHiculty  of  managit 
city  was,  however,  sufficient  to  prevent  Uiese 
founded  on  it«  employment  from  yielding  any  OM 
dtacovcries,  by  supplying  electricity  of  a  kind  e 
on  the  conducting  wires,  afforded  much  grtAter 
mitting  signaU  to  a  distance. 

Several  suggestions  were  made  for  reoeiviag-* 
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■of  win«;  aiid  Harun  Schilling  «xhibiU-d  in  Riuwift,  in  1832,  n 
Uegi^^o  mixlel  in  whicii  the  ^igtials  appear  to  have  baoD  given 
ty  Ui(j  defections  of  a  single  needle.' 

KWaboratul  Gauss  carried  out  this  plan  in  IS.t:).  by  leading  two 
Hm  from  tba  obMrvatoiy  of  Goltingfn  to  the  Phj-sical  Cabinet,  a 
Blaoce  of  about  9000  fo«t«  Tlic  signals  oonslstod  in  small  defloe- 
nra  of  a  l»r-magn«t,  suspended  borizonuilly  with  a  mirror  attached, 
M  the  plan  since  adopted  in  Tliomaon's  inirror  galvanometer. 
Bki  tbeir  request  tJie  subject  waa  earnceitlT  taken  up  by  Professor 
Sleinhcil  of  Munich,  whoso  inventions  contributed  more  perhaps  than 

El  of  any  other  single  individual  to  render  electric  telegraphs 
oorctally  pmeticable.  He  was  the  first  to  ascertain  that  curtli* 
Dctions  might  be  made  to  supersede  the  une  of  a  return  wira 
lEe  aNo  invented  a  convenient  telegraphic  alphabet,  in  which,  as  in 
iwst  of  tlte  oodes  since  employed,  the  ditferent  letters  of  the  alphabet 
lie  represented  by  different  oombtnations  of  two  clcmfutary  signaK 
|>ro  i>ctf<llcs  werv  employed,  one  or  tli«  other  of  which  was  daQvcted 
Oeonliog  as  a  positive  or  a  negative  current  was  aunt,  the  deflectiuiu 
aing  alnays  to  the  same  8idi>.  Ijoinctimes  the  needles  were  merely 
DBervcd  by  eye,  swuctiuies  tliey  were  made  to  strike  two  bells,  and 
boKlimcs  to  produce  dots,  by  means  of  capillarj'  tubes  charged  witli 
lilt,  on  an  advancing  strip  of  [tiupur,  thus  leaving  a  permanent  rucunl 
tt  Oiu  strip  in  tlie  shape  of  two  rows  of  dots.  HIk  currents  were 
L^ncio-ch-ctric,  like  tliose  of  Weber  and  tiauiH. 
Tlte  attraction  of  an  electro-magnet  cm  a  movable  armature  fur- 


eonuflnilkatf  <4  Mt.  (iww  Sir  Fnncii)  Konaldi  ti>  lit*  krt  o(  UJifniAj  luiut 

^te  «Ua(qtbw  •futockna.     Aoootdl^  to  m  tbh  notleo  la  Kalart,  Ko*.  S3,  IBJI, 

•  FrHCte  batsm  IIU,  mM  ioUUigiliU  awtfM  Utrvngb  nwva  tluui  «i^t  nlla  i4 

[llililiiil  ud  •wiMsdod  ki  tb*  air.    Hli  tLHoatUrj  ilpal  wt  tin  dlTWf«afl» «J 

b4nlb  (4  •  CBDtoD'i  (i«0traiMts  prodooed  bj  tb*  oowmanioatloti  of  >  MttlMJ 

lo  iIm  win.     lU  luod  irMfcianoun  n'Ulion  at  laltind  dikU  «t  ••rfa  and  t4  At 

,  tail  chatfol  th*  wira  at  Uh  miIIiih  wid  wheiiuTsr  tbo  lottar  to  bo  iiidlcktod  p— ed 

lifoilaC  p(orid«l  in  ■  cover ;  tlia  «lMU<«DvteT  at  Uic  fu  end  Ihen  dircrfe^Hid  Urn* 

tha  noaitvr  at  tit*  DMUf*  vrblch  UtUr  vm  ikuiywiltid  bjp  tli*  maitt.    th* 

I  ntvw  Mopped,  and  lay  lUgM  vuit  of  (Tnchnolmi  wm  oMrceud  by  aavbif  lb* 

Bach«i'  ftinting  InrtraBcnt  I*  Um  fnlljr-cUvdapod  latm  ol  Ikii  rndliDMiUr^r 

RL     A  pa  piatol  »M  UBfd  to  dntw  MtaDlioa^  Joat  aa  ac*  a  ball  la  runs.    Tbt 

'  U*a  at  rcTtna  nuraola  la  t«  ba  (omul  wtwra  Sir  Franelt  lujistaU  tlut  Iba  win 

^JtnyJ  wilh  paaWf*  aUotHdtjr  thewld  dudiuga  not  to  tark  but  Into  a  Utiary 

Ivdy  sliamvL     Kf  oaBy  iBt««afaig  i*  Iba  dbnaaioD  as  «hat  w*  now  call  lalanl 

Minn,  lk«a  known  aa  wopanaatUa.    TW  aulbitf  claarlj  aw  that  In  the  nnderBiaund 

I  whlth  ba  aagguWa  w  aalMtiMUa  (or  atrial  Ifaio.  tlib  iadiiMinn  ironld  l>*  nr  tnlclit 

t  maM  tf  manUtkai." 


■ribai 

1 

Ui-M 


^mmTtwsmhurit)ir~m  tb«  MrUi,  wora  li«*  lit  lUUM 
a  ^v-;<»rHtu  nL-udiv^  but  thv  cx|>(.-ii>ivcri<^»)>  uf  thia  p 
being  gives  up.  Tliu  singlc-nvodlo  and  (loublo-ne 
tlie  same  invonU>r%  Imvv  Ix-^-ii  mudi  num-  iixtiinaJH 
i«(|uinng  only  one  wire,  mid  the  latWr  twa       w\ 

WheaUtonc  maile  BcventI  Btibfi«<|Ucnt  contribaj 
tolegrapby,  soma  of  wbicb  wv  Hhal]  havo  occa&ii 
Bcccioiui. 

898l  Batlcrlea. — All  tbv  public  U;k};TiiphA  in 
for  iiiuiiy  y<-ar^  Imhui  woikoil  by  vollnic  currnuis; 
aystein,  wliich  was  tritxl  on  some  linea,  having  bMJ 
a  ne«dl««a  expenditare  of  labour.  fl 

The  luodifiod  Danit'irs  which  wan  ih-^ribcd  in  ( 
luw  buvn  largi^ly  n.-plao(.-(l  by  a  bichromate  battery 
mnUve  force  and  much  less  reeistanoe.  The  oa(« 
cell  contains  a  small  cj-lindcr  of  carbon  immerso 
bichromutv  of  potash  in  dilute  sulphuric  acid.  ] 
porous  jar  containing  a  sine  cytind«r  tmrnerwid  ; 
and  partJy  in  dilute  sulphuric  acid,  tlie  mercQiy  b« 
and  the  acid  above.  ThLs  arrangement  kevp^, 
amalgamated. 

836.  Wirea. — The  win:«  for  land  telegraphs  an  i 
ia  called  gaivanized  iron,  that  is,  iron  coat«d  wilbL 
poets  by  meanii  of  glass  or  porcelain  insulators,  a^ 
of  the  porcelain  surface  ia  shcltcnd  from  nbi 
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There  is  \eea  Irakage  of  electricity  from  nubtermooan 
;  f  nnu  air  linvs,  but  their  cast  is  greater,  oiid  they  ftro  l«w  suited 

fw  npiU  Bippiiilliiig,  on  nooount 
of  tliu  rL'tuniiiti')!)  eauMil  by  the 
inductive  iictioii  betneea  tb« 
wire  and  tlte  conducting  eartl), 
which  is  similar  to  tliat  UttWL-eii 
the  two  coating)!  of  a  Lcydou-jur. 
The  early  invontoni  of  uli-ctric 
tc1c;n^]i)M  cuf^Kwcd  that  a  cur- 
rent could  not  Ix)  »cnt  From  one 
station  to  aitothi-r  without  a  ru- 
lum  wiro  to  complclv  tho  circuit 
St4-iiihotl,  while  condiicUiig  ex- 
porinientA  on  a  milway,  villi  llie 
view  of  asccrtaiiiing  whether  Uie 
rails  oould  be  employed  aa  linen 
uf  tcU>gni|)h,  nuuk-  tbv  discovory 
tliat  Uiu  oarth  wouUI  serve  inist^^l 
of  n  rvtum  wire,  and  wilb  the  ad- 
vantage of  diminished  reoistance; 
1,  in  fact,  butiaving  like  a  return  wire  of  ioBnitely  great 
cti'iii.  and  Uioiffuni  of  no  resiatance. 
Wb  an  not.  however,  to  suj>i>om:  that  tho  current  realty  returns 
till)  receiving  to  tlie  timoftDtitting  statiun  tlirough  (he  varUi. 
I  duty  actually  [ivrfomiMl  by  tlie  earth  coiuisto  in  draining  otT  the 
ppuKJie  ulectridticK  whidi  would  othnrwitte  aocuniuUte  in  the  tcr- 
It  keeps  the  two  terminals  at  tlie  same  potential;  and  as 
as  this  Dondition  is  fulfilled,  the  current  will  have  the  same 
ngth  as  if  tho  torminnb  wore  in  actual  contact. 
887.  Slnifle-needle  Telograph. — One  of  the  bent  known  tclegrapliA 
thk  eouBtry,  though  little  or  not  at  all  employed  elmwbere,  id 
iill^A-iuKidlo  iiintruiiii^iil  of  WhcftUt'ine  and  Cooke.  r«pre«eQted 
L  TIga.  559,  SCO,  the  former  Hhuwing  ita  external  appearance,  and 
lattor  Ita  inlental  arran^'emeuts  as  scon  from  behind.  The 
le,  wliii:]i  is  vHsible  iti  front,  is  uoe  of  anastatic  pair,  its  follow 
in  the  centre  of  the  coil  CC  \VhL-n  tho  handle  H  hangi 
fjbl  duwn,  till]  in»truiiieiit  iti  in  the  putdtion  for  recviviog  uguaU 
.  another  Htatioa  The  current  from  tlie  line-wire  enters  at  L, 
after  tmverKing  the  coil  and  dcilwting  tlie  needle,  escape* 


n»  tw-iwiitu^ 
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through  th«  earth-wire  E,  having  taken  in  its  course  the  twol 
contACt-apringH  ('  (, 

To  send  a  current  to  another  station,  the  handle  H  is  moKJ  I 
one  side,  and  the  current  KOiit  will  be  positive  or  ncj^tivp  wonbi 
to  the  side  to  which  tlic  liandic  in  moved.    TIte  tiaudlo  tnnii  fl 


lit  '■''J  — auigle-nctJIo  liisirtjiiivnC 


cylindrical  arbor  a  i.  whiL-h  ts  divided  i>lfctn'ni1ly  into  two  p^fl 
nn  insulator  in  t)io  uiddlu  of  its  length.  Each  of  thuoc  partfBj 
jiin  projecting  from  it,  one  pin  being  aliovp.  and  tba  otbor  Ubi 
These  are  vertical  when  tlie  handle  is  \0Ttira].  and  are  iImi  iA^ 
no  duty;  but  when  the  handle  i»  put  to  uuv  Mtila,  th«  app^f*! 
(which  is  attached  to  b)  makes  contact  with  one  of  the  taQ  ifM 
1 1,  at  the  same  time  pushing  it  away  from  the  mntallJc  nai  I;  M 
thua  putting  it  out  of  connection  witii  the  otlior  iaII  npriaf;  wUI 
the  lower  pin  (which  \n  attached  to  a)  inAlcn  contact  witli  am  ^ 
two  short  springs  TT,  only  one  of  which  ia  ahown  in  tlw  t<M 
'Hivro  is  pcrrotmenC  connection  between  a  ami  th4>  nef^alive  ;4ilr« 
Uie  battery  tlirough  the  spring  s,  and  between  h  and  thr  f<«ili"| 
pole  throuijh  the  spring  t'.  In  the  position  rrjrreM-ntod  in  th*  ("J*^ 
a  serves  to  connect  the  negative  pole  of  the  batt^tiy  with  lb*  *af*^ 
and  h  serves  to  eonmct  the  poMttJve  pole  with  th 
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di  thv  cum-nt  pasM^  from  tlie  point  of  contact  of  tlie  pin.  &nd 
Utroiijjh  Uio  &)i\  tu  tbv  line-wire  at  L.  The  needle  of  the  scnd- 
atotion  is  thus  (IdtlvclxKl  to  tho  satna  side  as  that  of  t}io  receiving 

the  handle  were  moved  to  the  other  side,  b  would  serve  to  con- 
the  positive  pole  with  the  earth,  and  a  would  establiah  connee- 
between  th«  negative  pole  and  the  coil,  which  ia  itoelf  connected 
the  lino-wire. 

tlto  telcj^plks  of  tliin  oouiitty  cuno  into  tlic  luuida  of  the 

let'.  Ui«  alphabet  dcviftit<I  )>y  Wheat^tone  and  Cooke  has  b<>«n 

op.  and  the  Morse  alphabet  (§  843)  adopted  in  ita  place.     In 

Monie  alphabet,  which  is  now  the  telegraphic  alphabet  of  all 

ons,  the  shortest  signs  arc  allotted  to  those  letters  which  occur 

frequently.     This  was  not  Uiu  owe  with  tliu  old  nccdlc-alpha- 

which   WAS  nthcT  pliuinud   with  tli«  view  of  aasi^tiii;;  Uie 

aory;  an<l  exi>cricnec  han  hIiowu  that  nuch  uaisUuioe  i»  quite 

•easMry.     The  nc«dlo  instrument  has  abw),  to  a  gi'eat  extent, 

D  npersedwl  by  Morse's  instrument 

tSS.  Dial  Teleg^rapba. — Telegraphs  in  which  the  ordinary  letters  of 

the  alphabet  arc  ranj^ed 
round  the  circumfei^ 
oncv  of  a  dial,  and  are 
|K>intvd  at  by  a  revolv- 
ing hand,  are  sp<;cially 
cnnvenSont  for  tliOM 
wlvo  are  not  profes- 
sional telegraph  i>tA. 
They  are  con.<itnicted 
ya  the  principleof  at4«p- 
by-atep  motion,  the 
hand  bi-ing  advanced 
byauoooiidT*  0Up«,fladi 
rapntaatJng  one  cur- 
rent aent  or  stopped. 
'  of  till-  Bini|<Ii-pL  iiiatrumentfi  of  tliis  claiu  is  Brvguot's.  wlitd) 
«t«-rusiv.ly  ii^-d  on  tlie  French  railways.  Fig,  S61  reprenents  th« 
irior  of  Uio  receiving  instrument  The  dial  ia  inscribed  with  the 
(■ttom  of  the  Freticli  nljihitlwt  nnd  a  cxon,  making  20  aignals  in 
J  Thu  luuid  (as  in  other  Mlep-by-st«p  telc^niplis}  advnncm  only 
IM  direction,  which  is  the  t>ame  as  that  of  tlte  hands  of  a  clock, 
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stopping  Iwfnre  encli  IvtU-r  wliic))  U  U>  W  iiidicato'l,  ttnd  poinUa(lo 
ika  cross  at  the  end  of  eadi  «-oi>].  Fig.  5C2  show»  tb«  iiiwIiid«b 
liy  which  the  motion  t§  produced.  A  i»  the  srmaturc  of  on  dwtift- 
mognot,  t)>c  tna>;iii-t  iUcIf  bcin^  removal  in  tho  figure,  to  aIIoo  tki 
oth«r  part--*  to  he  better  iwcu.  The  two  duttiTd  cirdua  ttmn*i  m  tk 
annature  ropreRent  verticalsectiomof  tho  two  coils,  which  mloB  At 
bottom  of  the  box,  and  have  tlieir  axfn  horiiionUil.  If  inuodiuid, 
they  would  nearly  conceal  tJje  armature  from  vii-w.  TheunuUn* 
tumi«  about  a  horizontal  kxik  W,  and  13  attached  to  an  oppanf 


spring  wliich  draws  it  back  from  tlio  inajjnoL  Th«  tetiaiMt  m(  A* 
spring  can  be  regulated  by  dk-oiui  of  a  lover  act4>d  on  tiy  a  luyHbi^ 
th«  box.  Wlicn  a  cun-cnt  ia  si'Ut,  tho  annature  is  attnctad  mA* 
magnet;  whuu  the  current  ocaaes.  the  spring  drawM  it  badr;  iti  il 
thus  moves  continually  to  anil  frodtiring  the  traimniwiDO  hI  a  — 
aago.  An  upright  arm  I  is  attached  to  the  annature.  an<l  onisk 
horizontal  arm  c,  which  licit  between  t)ie  two  prxxigs  nf  a  Ibtk  X 
represent«d  on  a  larger  scale  in  Kg.  5C3,  Tbia  fork  vilaalrt  •!«* 
a  horizontal  axis  u  6,  to  which  is  attached  tin'  Vfrtical  pallet  i.  "^^ 
pallet  actA  upon  an  escapement  wheel  O,  tooUtt.'d  in  a  prcaliar  nj. 
the  thickuoaa  of  the  toeth  being  only  half  the  ibiektum  of  iIm  mimi 
and  the  teeth  on  one  half  of  the  tliickiima  heu^  opjMUlr  tW^M* 
on  the  other  linlf .  The  total  number  of  teeth  is  SO,  thirtMS  »  ^ 
halt  of  Uie  thicknoMM. 


TELEORATHS. 


81  fl 


m  no  cnrmit  is  lumitig,  tlie  pallet  i  is  enfAgo<)  with  one  of 
1^  on  tJie  roniote  m<1o,  iw  rcp»t)onU-<l  in  Fig.  Ttlllt.  When  a 
f  eurrmt  piu8«,  tlie  nnuaturc  in  &ttfact«().  and  the 

pnllct  U  moved  owr  io  tliu  ri<-ar  Hide,  Uius  re* 
loAsing  Uio  tooth  witli  whtdi  it  wm  pr«viati>ty 
^ngsgH,  and  becnming  rngagiN]  witlt  the  n«xt 
tootJ)  on  the  near  aide  of  llie  whoel.  Tlie  wheel, 
which  is  urfrcd  hj  a  clock-moveDient.  thus  ad- 
vances ;V  of  <^  revolution;  and  tht-  hand  on  the 
^^^m^^m  ''■>J>  l^ing  attac)ii-d  to  tlio  whcol,  inov«8  for- 
J^^jrT*  wai-d  onu  IcH<t.  When  tJio  current  ooaMd,  the 
I  ■'n  I  |^"ut  inuvLii  hack  t4i  the  ri'oiote  -lidc,  and  tfap 
Blii.n  I,  I  iiand  b  advanced  another  letter.  If  the  hand 
in  initinlly  at  th<r  crtx^i,  it  will  be  advanced  to 
quired  l(<tt«r  hy  so  anariging  niottrn  tluit  the  number  of 
la  f)tu$  the  number  of  interniptiorw  Khali  be  equal  to  the 
r  denoting  thi-  plaro  of  the  letter  in  Uie  alphalmt.  To  effect 
nngement  is  tlto  udioc  of  ibe  sending  inHtrtmient. 
H  939.  SendiBg  I&stninent. 

^^  "  —         — This  ia  repreeentMl  in  Fig. 

564.  There  ia  a  dial  in- 
Mrrihed  with  S&  letters  and 
a  cnjm,  like  that  of  (lie  n>- 
eeiving  iiuttmnient,  and  an 
lurm  which  nm  be  earned 
rutinil  the  dial  by  a  handle 
-M.  There  are  SG  notcliee 
cut  in  the  ctlgc  of  the  dial, 
in  which  a  jiin  attached  to 
(he  movable  arm  catclietii; 
and  the  arm  is  allowed  mf- 
ficient  piny  to  and  from  tbe 
face  of  the  dial  to  admit  of 
tbtft  ))in  being  iftsily  releasM 

tor  'n.tcrtc"i.  When  the  pin 
t]ie  noUiivH,  the  inntnimeiit  is  in  ponitinn  for  Irantmiit- 
csponding  letter.  The  action  is  as  follows: — 
Otiied  or  rathur  undulated  vrhi.-cl  is  fixc^I  on  Uie  Mime  axis  aa 
iolvtii£  ann,  and  turiw  with  it.  Tliere  ore  13  projections  and 
iom  on  its  circumference,  a  few  of  which  are  shown  tn  tho 
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figure  whcro  bhs  llc«  ia  cut  an-ny.  A  bent  lover  T,  monbli 
an  Axu  at  a,  bears  at  one  end  agaitwt  the  circumferenoe  c 
un(]ulat«(l  wheel,  while  its  other  end  playn  between  two  poiLti  P,  (^ 
and  ia  in  contact  with  one  or  other  of  these  points  whenever  'tta  np^ 
end  bears  against  a  hollow  or  a  projwctton.  P  is  in  conovetkn  ailk 
a  batti.Ty.  ainl  Q  with  the  earth,  th«  undulated  wheel  baiag  h 
connection  with  tlie  line-wire.  The  movement  of  ttic  huMo  tin 
produceii  the  requisite  number  of  currents  and  interrujtlioOB. 

840.  Alarum. — Besides  the  sending  and  receiving  apfMUiUia  ■tow 
described,  each  station  has  an  at/jrum,  which  ia  erajtlin-n!  Iw  all 
attention  hcforo  (sending  a  ili-^patch.  There  are  several  di&nM 
kiiid't.  Fig.  SGi')  represents  the  vibrating  (Uaruni,  which  I*  Httf 
the  eiiuplest.  It  contains  an  electro- niag;net  r,  with  on  umaUnf 
fixed  to  the  end  of  on  elastic  plate.  When  no  current 
through  tho  coil,  the  armature 
ia  hold  back  I13'  the  elasticity 
iif  this  plate,  so  as  (0  press 
ogainitt  &  contact-spring  g  coo- 
nected  with  the  binding-screw 
f'l.  The  terminals  of  thu  ooil 
are  at  the  binding-screws  p.  p', 
(he  former  of  wltidi  is  in  con< 
nection  with  the  armature,  and 
the  latter  with  the  earth.  As 
long  OS  the  armature  presG>.-a 
against  the  spring  g,  Uicre  is 
communication  between  the 
two  binding-screwa  ^n  and  p'  through  the  colli  but  the  fmtag4 
tL  current  produces  attni«tioD  of  tlie  armature,  which  dnwa  itsnf 
from  g  and  interrupt^!  the  current  Tlio  electro-Diagoet  b  th*^ 
magncti«cd,  and  tite  oniiAluro  springs  bade  egainst  j^.aoastoaBM 
a  fresh  current  to  pasi^.  I'lie  armature  is  thiia  kept  la  ttalii^ 
vibrationi  ajid  a  hammer  K,  which  it  carries  rIjovm,  jtradmsl^ 
peated  strokes  00  a  bell  T. 

841.  Wheat8t«ne'8  Univcreal  Telegraph. —  The  &nt  il/tp^-*t 
telegraph  was  invented  by  \^'h<_-at«ton«i  and  the  most  parliiel  ■■■* 
ment  of  the  das9  is  probably  hb  "  Universal  Tolcgr^ih,'  mhiA  ■ 
now  in  such  general  use  in  tliLi  country  For  eotumtiof  p^i"  rf 
business.  The  currents  employed  are  magncto-elMtric.  and  ansHv- 
nately  positive  and  negative.    They  pro<luc«  nnrrimiiTi  iitm"'"^ 
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ritjr  to  an  electro-niAgiiet,  wkucli  seta  upon  a  li<;lit  stool  iBigfWt 

kind  of  uULic  oeedlv — anil  causes  it  to  rutat«  througli  A  large 

;1()  tint  in  one  dimetion,  and  tliun  in  tlic  uppoHito.     l-^i  oC  these 

causes  a  ratch«t-wtii.t!l   to  advance  one  tooth,  and  tJiis 

the  pointer  to  advance  one  letter.     At  the  same  time  the 

of  the  handle  by  which  the  currents  are  gonerat4.-J,  cansca 

pointer  of  the  Mmding  instrument  to  advance  one  Iott«r  for  each 

L'nt  sent,  iHi  that  tlio  poititi-rs  at  tliu  two  stations  iniltcate  the 

Ivttvr.     The  sauie  dial  nhiclt  mtvc-s  for  sending, atao  serves  for 

Giving.     It  U  Mirruundcd  hy  a  number  of  keys  or  btittonit,  one 

Ht  each   letter.     When   any  letter   b  to  be  eent,  it«  key  in 

ed,  the  o|>erator  continuing  all  the  time  to  turn  the  handle 

^Or  gi-nerating  currents,     rrcvious  to  puttin;:  down  n  key.  these 

srrotita  complete  tlicir  nrcuit  witliio  the  instrument;  but  when  a 

(•y  ij»  down,  evciy  curront  genorau-d  iraveUt  along  the  line  to  the 

oiviug  station,  until  the  pointi^ra  have  been  advanced  step  by  st«p 

I  the  correspCMiding  letter.     Aa  soon  aa  this  has  been  readied,  tlie 

eots  are  again  cun6ned   to  the  sending   instrument;  and   the 

|ioinU-ns  will  make  no  further  advance  till  anoUior  key  is  put  down,' 

842.  Kome's  Telegraph. — IiIor«e'«  apparatun,  first  tried  in  AmericF. 

kliout  1H:17,  is  now  [terhapa  the  most  extensively  iised  of  all. 

fits  receiving  itutrument, or  indicator,  in  il«  primitive  simplicity. 

liata  (Fig.  6t>G)  of  an  electro-ma^ct,  a  lever  movable  about  an 

,  carrying  a  soft-iron  armature  at  one  end,  nnd  a  pvncil  at  the 

ite,  and  a  strip  of  paper  whidi  is  drawn  paat  the  pencil  by  a  pair 

»r  rolti-ra. 

An  the  pcnril  noon  became  blunt,  and  was  uncertain  in  its  marking. 
.  point,  which  scratched  the  pa|)er,  was  sulnstitated.     This  has  now 
%  girat  extent  been  supensedi-d  by  an  ink-writer,  which  requires 
<  exertion  of  leu  force,  and  at  llie  nniiie  time  leaves  a  more  visible 

Kg.  507  repreaonts    Morse's   indicator  as  mo<Ufied   by  Digney, 
train  of  dodc-work,  not  shown  in  tlm  Hgure,  dvivM  one  of  a 
'  of  rollers  ntn,  which  draw  forward  a  strip  of  paper  pp  form- 
part  of  a  long  roll   K.     The  same   trnin   turns  the  priiiting- 
Jrr  U,  the  surface  of  which  is  kept  cvustftntly  diaiged  with  n 
greasy  ink  by  roIUng-oontact  witli  the  ink-pad  L.    The  anna- 


'  Tor  Um  •kuU*  of  t^  nvctiankm,  ttlenac*  Mftjr  U  mad*  u  WliMUtuna'i  Palml^  If  a. 
t  JMT  ISil.     A.  owdnwad  MMUnt  will  Iw  Itmni  In  S»Hm  n  l*e  KUttrit  T^tynft. 
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ttiro  B  B'  of  the  clntro-iuagnct  A  is  loouoUKt  oa  oo  4xu  tTTT 


•WSP 


carries  a  style  at  its  flxtreinity  juift  bennUh  thf  prir* - 
Wliea  a  currt-at  passw,  the  annaturo  is  uttntctud,  i...  . 


■■fl»i 

I 


n»Bfr^M 


:  the  p^>er  agaiiuit  the  printing-cylinder,  ouuiog  i  Hm  to  1* 
printed  on  ity  the  length  of  which  depends  on  th«  dtmttuo  rf  It* 
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t,  is  the  |)*por  cotitinuvn  to  aflvatice  wiUiout  intemiptioD. 
tHM  fectoally  vinploy«U  are  of  two  lengths,  one  being  made  as 
W  poasible  (-)  and  called  a  dU,  the  otJier  being  about  time 
IS  long  ( — )  and  colled  a  ditak.  Tho  opposing  spring  D  lo- 
tlie  annature  tu  it«  original  position  th«  moment  the  current 

k's  kvj  (Fig.  &C8;  i3  aiiupty  a  braes  lever,  mounted  on  a 

binge  at  A,  and  pressed 
up  by  tbo  spring  /. 
Wbt-n  ttiv  o|)orator  put* 
down  tJio  key,  by  prea»> 
ing  on  the  button  K 
nith  his linjjtT,  tho  pro- 
jections c<l  on;  brought 
into  contact,  and  a  cur- 
nmt  poiteee  From  tlie 
I  btt«cry-wire  P  to  the 

\n  L  When  tho  key  U  up,  the  priijccLioti.f  a  b  are  in  (x>n> 
iad  currenU  arriving  by  the  Iin«<w)ro  piuts  by  the  wiru  R 
I  indicator  or  the  tvlay.  By  keeping  the  key  down  for  a 
'  or  shorter  time,  a  datJi  or  a  dot  is  produced  at  the  station 
Ich  the  Hignal  is  twtnt  Tlio  daali  and  dot  an  combined  in 
Dt  ways  to  indicate  Uio  diflerenl  letten,  as  sliuwn  in  tho 
tng  Hcheiue,  which  la  now  geneimlly  adopted  botli  tu  Europe 
■acrioa: — 


r^-.-^^-' 


»■  Mi-U«nt'«K«r- 


Mom's  Auw*nKr. 


J 

K 

L 

« 

K  -. 

0 

0 

P . 

Q 

R.-. 

8  ... 


T  — 
U-.— 

0 

V 

W. 

.X 

y 

z . 

m 

UuiUntuuil  - .  ■  —  ■ 


a. 

4 

5 

II . 

r 


pB  about  equal  to  the  length  of  a  dash  is  k'ft  between  two 
I  ftod  a  space  of  about  twice  lhi:s  length  U-tweun  two  words. 

Jlo-telographs,  the  dot  is  represented  by  a  dufluctioa  to  the 

Uio  dash  by  a  detlecttou  to  the  righL 
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813.  Relay, — Fip.  5fi9  repn-sente  Horse's  i^llial^^^ 
vtith  what  is  callt.-<)  a  relay;  that  in  to  sty,  an  a{>|)4iratua  < 
receiving  a  feeble  currcDt  from  a  duiUuico,  acads  on  k  nod)  m 
cnrrent  (rom  a  batt«ry  on  liiit  spot  Tfafi  key  B  beiag  up, »  ( 
arriving  Ijy  Uic  linc-wiro  paflses  through  fho  ke;  from  e  i 


through  aootber  wire  to  the  ooil  of  the  elcctjro-taagiwt 
the  relay,  and  through  this  ooil  to  vtaik.  The  dsetio>iaifl 
th«  relay  attracts  an  ermature.  the  contact  of  which  vitt 
magDct  completes  the  circuit  of  tlio  locaJ  battery,  in  which  dmri 
coil  belonging  to  the  in<licatur  is  included.  Thn  aroimtur*  d 
indicator  us  thiui  compelled  to  follow  the  movomenta  of  Umbh 
of  the  relay. 

Relays  are  used  when  the  currents  which  arrive  an  too  I 
«nfe6bl«d  to  give  dear  indication.')  by  direct  actioa  Tbi?  ■> 
frequently  introdocdd  at  intemcdiate  pointa  in  Inn;  li»»  * 
could  not  otherwise  bo  worked  through  from  end  ta  mi 
analogy  of  this  uho  to  change  of  hoism  on  a  lon^  jtionwy  it  AatI 
of  the  name.  Relayit  arc  also  frequently  used  iu  uuiUMtka' 
alarums  when  these  are  large  and  jiowvrfuL 

844.  Hughes*  Printing  Telegraph.— The  emplnyinuit  of  b 
sipliabot  requires  on  (ho  awrago  about  throe  oarrenla  to  Um 
letter.     The  extension  of  telegraphic  aervioo  haa  atioMlakJ 
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(if  in\'«iiton  to  duvisu  nieiuui  for  obtaining  more  rt^d 
linaion.  Hughes,  about  I S.")!),  invonttKl  a  systAin  wliicti  rftjuires 
ily  ODo  current  to  be  sent  for  cadi  letter,  and  whidi,  aocordmglj, 
■da  OMsaagea  in  about  a  thinl  of  the  time  requiroU  by  Aloise's 
Mbod.  Humes'  tnaduDe  also  printa  Ha  mettsages  in  Roman  char* 
■ten  on  a  strip  of  jutpcr.  ThoBe  advanta^s  are,  however,  obtained 
I  fcho  oxpenao  of  cxircitio  complexity  in  ttio  apparatus  employed. 
>  i»  only  fit  for  tbv  uho  of  akill«d  handa;  but  it  i»  extensively 
i^loyed  on  important  lines  of  t«legra^h.  We  will  proceed  to 
dioUii  tlio  fondamental  arrangcmcntA  of  this  marvulluas  piece  of 
pkouity. 

V)g.  &70  is  a  general  view  of  tlio  machine.  It  ia  propelled  l^ 
nrvrfut  duck-work,  vritli  a  driving'Wcight  of  about  ISO  lbs.,  an<l 
Itli  a  regulator  coiHuting  of  a  vibrating  Hpriog  I  acting  uprn  a 
iftpc-wliecL  A  travelling  weight  on  Che  si>ring  can  be  moved 
•rar^ts  ottber  end  to  regulate  the  quickness  of  the  Wbiations.  The 
kck-work  drivwt  thrvo  sliafts  or  axc«:  (1.)  the  type-shaft,  so  called 
BMMo  it  carriui  at  iU  oxtn-mity  tlio  type-whiwl  T,  which  lias  the 
biM>  of  tlio  alplubat  angravod  in  relief  on  its  drcunferpttce  at  equal 
Mmbctb,  except  that  u  blank  space  occurs  at  one  plnce  in^iteat)  of  a 
ktor:  (2.)  the  priating-shaft,  which  turns  mudi  faster  tlian  the 
npv-ahaft,  makin;;  somctimrt  700  revolutions  per  miinite,  and  carry- 
m  the  Qy-wbod  V.  Tiicwe  two  axes  arc  hori)u>ntal,  and  are  Mf*- 
mAj  rvproaonted  in  Fig.  571 ;  (3.)  a  vertical  shaft  a,  having  the  same 
H^^  as  tlie  type-wheel,  which  drives  it  by  means  of  bevel-wheelsL 
^hi*  vertical  shaft  consist'*  of  two  metallic  portions,  insulated  from 
other  by  an  ivory  connecting- piece.  In  tho  poaitioo  roprcMnfcod 
.  571.  thcHO  two  mvtallio  parts  at«  electricaUy  connected  by 
I  of  Uio  screw  V,  but  they  will  be  disoonneoted  by  rsiking  the 
lie  piece  u 

I  revolving  arm  composed  of  tlio  ptooM  v'  v  Is  called  Uw  charioL 

I  with  the  vertical  xliaft.  antl  travoh  over  a  diw  D  piorevd 

I naoy  lioli» u  tliem ar«  lotlera on  the  t^'pe-whotl, theae  boles 

[  TangtNl  in  a  circle  round  the  base  of  the  shaft,  and  at  such  a 

!i<  frum  the  shaft  Diat  the  vxtmmity  of  the  eharlot  poaaos 

Jy  over  them.     In  th-.-w  holea  are  the  upper  ends  of  a  set  of 

;,  whidi  are  raijscd  by  putting  down  a  set  of  keys  B  N  nwem- 

thoso  of  a  piana     Wh'-n  the  chariot  passes  over  a  pin  whidi  fa 

nUcJ,  tlio  piece  v  is  lifted  away  from  t/*,  and  the  cumnt  from 

•lt«ry,  which  previously  passed  from  the  pin  through  v  and  ff 
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b,  is  now  cut  off  from  i/,  and  pAK&es  throng  v  to  the 

net,  and  tbonce  to  the  line-wire, 

»  proct-fis  for  sending  signals.    We  will  now  explain  how 

ttu  §viit  csuacs  a  letter  to  bo  printed  by  tJie  type  wheels 

■widing  and  recoiving  stalions,  tho  sending  and  receiving 

I  htiag  precUely  alike. 

ent  traverses  the  ooils  of  an  electro-magnot  E  (Fi;;.  Ii70), 

licb  is  •  ponrninent  steo)  horse-shoe  niagtH>t  Iiavin;;  its 


rif,  m.~Tn*^htn  u4  mnunr>lwli. 


ontact  with  the  soft-iron  cons  of  tlio  elcctro-uuigncL 
unroDt  is  paming,  tiie  inllucnco  of  the  at4>el  rendera  theno 
ovaiy  magiivUi,  and  cnnbltu  tlit'tn  to  hold  the  movable 
■gainst  t]ie  force  of  au  oppo^in;^  spring.  The  current  is 
irection  that  it  tendtt  to  rev<:ni«  tlie  magnetism  induoi-d 
L  It  is  not  necessary,  however,  that  it  should  be  strung 
piodnco  an  actual  reversal,  but  merely  tbat  it  bliould 
t  indued  magnetiBui  of  the  ooree  sufficiently  to  enaUe  the 
iring  to  overpower  them.  Tliis  in  one  of  tlic  most  originAl 
!ugb«^  apparatus,  and  in  a  main  caufte  of  its  extreme 
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Tlie  iiriuting-sVioft  consists  of  two  portions,  one  of  w!iu3 
571)  carrioA  the  fly<wheel  V,  arul  tunu  unifonuly  oadcr  th 
of  tbtt  clock  taovement;  the  other,  which  is  lutxt  the  Cnti 
mAchine,  reiiiaiiu  at  rest  when  no  currviit  ia  pasiuD<;;  boil 
armature  of  the  iimg:net  rises,  the  two  puts  of  the  ilitft 
locked  together  by  oieans  of  the  ratchet-wheel  and  dlek  ti 

The  portion  of  tho  shaft  which  is  thus  tamed  ever;  tttne  i 
ptasee,  carries  a  very  acute  catn  or  tooth  p  (Fig.  57S),  wl 
denly  niaea  tlie  lever  a  b,  movable  about  an  axis  at  ooe  oni 
by  so  doing,  ruses  the  piaper  agaiiut  the  type-wheel,  and  p 
letter.  In  order  thus  to  print  a  l<^tt«r  from  tbo  rim  of  a  irht 
continues  turning,  very  rapid  movement  is  neoessary.  This  i 
by  making  the  opposing  spring  which  moves  the  annall 
poworful.and  the  cam  p  vory 
ncutv.  The  same  movement 
of  the  lever  which  produces 
the  impression,  raises  the  arm 
J  U,  wliich  Carrie's  a,  spring  r 
with  a  click  at  iU  extremity. 
This  click,  in  its  ascent,  glides 
over  the  teeth  of  the  ratchet- 
wheel  E;  but  locks  into  the 
teeth  and  turns  tho  wheel 
in  it«  descent,  and  by  so 
dcung,  advances  the  paper 
through  tlie  distance  corresponding  to  one  letter.  Th»  ift 
the  words  is  obtained  by  the  help  of  Uio  blank  oo  tb»  typM 

Tlie  lypc<wheel  should  admit  of  easy  a^l'^'tBMDt  to  mu 
agreement  with  the  chariot  when  acridcntAl  dnmogOMat B 
occurred.  For  this  puq)osu,  the  shaft  0  is  mode  liuOttv.itoi 
and  external  portion-s  being  merely  locked  together  by  »1» ' 
which  Lt  held  in  iti>  place  by  a  permanent  current  in  aitlHir  ■& 
Oil  pressing  down  the  button  Q  (Fig.  670),  the  click  m  w  id 
Uio  pie«e  E,  so  as  to  leave  the  tj'pe-wheel  frue,  aoiJ  n  [ni  i»  p 
wliich  catches  in  a  notch  corresponding  to  the  Maak  oa  tb 
wheel.    TIte  atljustmeut  can  aUo  be  moilo  by  liand. 

Lastly,  tho  sliaft  I  carrica  a  tliird  CAJn,  whkli.  at  fA  T*f 
of  tills  axis,  engages  witli  a  \'ety  coante-tootlied  wheel  I*,** 
eame  nxi.*i  as  tlie  type-wheel,  and  puahon  it  a  litlte  forww^' 
ward  without  detaching  it  ft 
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.  tlie  velocities  of  the  typo-wliecl  ami  chariot  are  tbiu 
kI  aa  oft«n  as  a  letter  b  priatcil.  This  contrivtincio  soma  to 
e  receiving  inAtruraent  fn»ii  gaiQiDg  or  losin^f  OD  tlm  sending 
jent  durini;  the  traiumuHuon  of  a  mewtago.  Tlia  t>'p«-wbeel 
TOoeiving  instruaiciit  inuet  b«  adjusted  before  the  mcmage 
•o  •■   to    make   tlie    two   instrumenta  start  at  tlie  same 


Electro-chemical  Telegraph. — Suppose  a  metallic  cj-luuler, 
eotly  connected  witli  the  eartli,  to  bo  revolving,  carrj'in^; 

on  its  surface  a  strip  of  papcT  freshly  imprcgiuittxl  vritli 
>  of  potassium.  Also  suppose  a  very  light  steel  point  per- 
ly  conncctvd  nitb  tlic  line-wtro,  and  resting  in  contact  witli 
)er.  Ever}-  time  tliat  a  current  arrivea  by  the  line-wire, 
l1  action  vill  take  place  at  tlie  fmint  of  contact,  and  tho  paper 
point  will  be  diHooloured  by  (ho  fonnatioD  of  prus&ian  blue. 
the  prindple  of  Bain's  elcctro-chcmical  telegraph,  which  leaves 
d  in  the  sliapc  of  dot«  and  dashes  of  prussiau  blue.  Tho 
KM  for  Heudiiig  Nignals  is  the  aame  aa  ia  Hona's  irjrstem.  Th« 
noHt  not  be  too  w«t,  or  the  record  will  bo  blurrc<];  ntilher 

be  too  dry,  for  then  no  record  will  be  obt«ine<l. 

AvtotTsphic  Telepapb. — An  autogi-aphic  telegraph  is  on« 
prodooes  at  tbo  recviviog  etation  a  fac-simile  of  the  original 
h.     Tlin  host  known  infttrumunts  of  this  class  are  those  of 

and  CnM-lli.     \V<-  Nltall  dt^'Hcriho  tlii;  latt^rr 
be  Handing  station  a  sheet  of  nictalliiceil  iinpcr,  with  the 
h  written  upon  it  in  a  greasy  kind  of  ink,  is  laid  upon  a 
k  aarface  M  (t'ig.  573).    At  tJie  moeiving  station  tbeca  ia  a 


nf.tn.-mBdpkatOu>UliT*b«iiMk 


cylindric  surface  R,  on  wliidi  a  slioct  of  Bain'ii  chemical  paper 
Two  styles,  driven  by  pendulums  which  osdllato  with  exact 
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qmchronisni,  move  over  the  surfaces  of  tiie  two 
upon  thcRi  vcr}'  close  parallel  lines  at  a  uniform  distance  i 
styles  being  in  permanent  oonnection  with  tb«  Itne-win.  Th 
rent  U  furnished  by  the  battery  P  at  tJie  sendiDg  station.  Vthi 
style  ia  on  n.  comliictintr  portion  nf  tlic  pftper  U,  tbc  curroii 


tig.  b:4.-4unii>  itttfnjf^ 


the  course  of  least  rcoistance  A  B  C  D,  no  seoaifale  porttel 
to  the  other  station.  On  th«  other  hand,  whco  tiu  itjriti 
noa-oouducting  ink  in  which  the  deEpatc)i  ia  vriOA 
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K.BCD  in  l>rok6ii,uid  theciinriit  triiv«ls  through  the  linc-whre.  Ai 
ka  moment  the  ittyle  on  the  shoiti  K  is  in  eiactly  the  «un«  ixxtition 
ft  thkt  on  the  sheet  M,  by  reason  of  the  ^mchronism  of  the  pendu- 
■niA,  and  a  blue  line  will  be  produced  which  will  be  the  exact  repro- 
bction  of  the  brolcon  lino  of  the  dv^pnlcli  truvcisod  by  the  style. 
MmiinilllH^lj .  wheD  the  ntyle  of  M  liii»  described  a  series  of  liniis  does 
Bgcther  and  cororinj;  the  sheet,  R  will  be  covered  with  a  serit^R  of 
Pbinta  or  lines  forming  a  copy  of  the  despatch.  The  tracing  i>oint  is 
carried  by  a  lever  turning  about  an  axis  near  its  lower  end.  To  tills 
lower  end  Ls  nttitcliiHl  a  conut-ctin^-rod.  Juinti'^d  at  ite  other  end  to 
the  pendulum  (I*  ig.  .'>74).  While  the  pendulum  swinp;  in  one  direc- 
tion, the  style  traces  a  line  in  one  direction  on  the  ^hccL  At  the 
and  of  this  stroke,  an  action  oceura  which,  bcAide.s  adviuicing  the 
ttgrlc,  raoea  it,  so  that  it  does  not  touch  the  sheet  during  the  return 
Poke. 

Xho  Hynchronism  of  the  pendulums  at  the  two  stations,  whkh  h 
fcbaoliitely  necessary  for  correct  working,  is  obtained  by  means  of 
two  clocks  wbicli  are  separately  regulated  to  a  giren  rat«,  the  clock- 
Mndulunis  making  two  vibration.^  for  one  of  the  telegraphic  pendu- 
iitri.  The  Iwb  of  the  latter  consists  of  a  masa  of  iron,  and  vibrates 
t%i'ecn  two  electro-magnets,  whicli  are  made  and  unmade  aocord- 
to  the  position  of  the  clock-pvndulum,  as  the  latter  makes  aiul 
in  tlic  circuit  of  a  local  lottery.  Tlic  mass  of  iron  is  thus  alt«r- 
tvly  attracted  by  each  of  Uie  two  magnets  as  it  comes  near  them, 

is  prevented  from  gaining  or  losing  on  the  clock. 

[t  is  evident  that  the  Caselli  telograph  may  be  applied  to  copy  not 

ly  lettenibiit  a  design  of  any  kind;  hence  the  name  of  fMnJf^^miA 

tich  tuut  been  given  it    Fig.  575  represents  a  copy  thus  obtained 

Itoin's  paper.     Fig.  STn  repre«entA  a  copy  obtained  at  the  same 

apon  a  sheet  of  tin-foil,  such  aa  is  usually  placed  beneath  the 

The  current  dccomposea  the  moisture  of  the  lupcr,  and  the 

Irngen  thus  liberated  reduce*  the  oxide  of  tin,  of  which  a  small 

tttity  in  always  prOM'-nt  on  the  surface.    If  the  foil  be  then  treated 

I  a  mixture  of  nitric  and  pj-rogalUc  acid,  the  traces  arc  developed, 

.  oome  out  black. 

ba  Caseiti  system  has  been  used  for  some  years  on  the  telegraphs 
ad  Havn'  and  Lyons,  but  has  not  realize*]  the  hopes  of  its  pro- 
ten.  its  despatches  being  often  illegible. 

^tead  of  a  series  of  parallel  lines,  the  styles  may  >>o  mode  to  trace 
1  raecaBBive  convolutions  of  a  fine  helix,  the  two  sliects  Ijeiug  bent 
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toukd  two  «jlliul«n,  which  revolve  iu  otjual  Unio*,  umI  tbo  idiun 
loi^tudiiially. 


lie  C».-F>^ab>lU■  of  i>ni*tctL 


fif.  $it.-ain  «u  X^»M 


847.  Cowpor's  Writing  Tolc^rftph. — In  Iho  K-riting  tclegnpk* 
coiitlf  liiv(;iit<<()  by  i\r,  Cowper,  ft  pon  mi  the  rooeinag  Micic 
iii)itate3  the  movements  of  a  pen  at  the  seodtag  statJoD.  Two  «i* 
are  neces&ary,  iiistoa^  of  only  one  as  in  other  syntcma.  Oot  of  tim 
yritea  convej's  a  current  whidi  producoo  similarity  of  poaitia  • 
regards  loft  and  right  ili^i>lnc<^tiK:nt,  while  the  other  dUchugatli 
t»me  function  as  regards  up  and  down  tllHplacotaenL.  By  Um  J4t 
acUon  of  the  two  currents,  when  the  sendit^  pea  i»  Imld  in  u/  |«l 
of  the  square  field  allotted  to  it.  the  receiving  p4<n  in  l>rotighl  loi 
similar  pusition  in  itct  Ccld  of  inoveini;nt.  Stripe  of  p«[>or  an  dnit 
post  both  pens  by  clockwork,  and  the  writing  upon  one  t>  imimd 
upon  the  other. 

The  mode  of  obtaining  this  coofonoity  as  rogardR  either  ooa^M» 
of  motion  is  aa  foLlowB.  The  resistaiioe  in  the  circuit  of  the  vtit  h 
left  and  ri<;ht  movement  is  altered  by  left  or  right  muvameBt  of  At 
Hvnding  p<^n,  a  number  of  resistance  coiU  being  &o  arranged  (batit 
current  travci^o^  a  great«r  or  les«  nuulwr  of  tliem  aoeunJiaj  ■•  t^ 
pen  is  iiean^r  to  one  nide  of  itei  square  or  tlie  otlwr.  TV  emal 
on  it3  arrival  at  the  receiving  station,  traveraea  Lho  coil  of  antledir 
ina^et,  and  thus  deflects  a  needle,  which,  by  oioan*  of  a  Ikl"' 
attached  to  one  end,  draws  the  pen  aside,  to  a  dlctanoa  itpm^ 
on  the  stivn^th  of  the  current, 

848.  Submarine  Telegraphs. — The  fimt  Mibmartne  tdepiiill  aH* 
was  laid  between  Dover  and  CalaU  in  1850;  hut,  being  ianfldal^ 
protectod  aj^ninst  the  friction  of  the  rocks,  it  only  laaled  a  fiw  bov 
The  two  Atlantic  cables  which  were  laid  in  18Cff  ^>|iaar  to  U*>^ 
in  perfect  order. 
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le  cablai  aro  now  usuiUly  constr\)ct«J  hy  iiiilKilding  a 
itn  number  of  otraight  oc^per  wires  in  jrutta  porclia  (Fig.  577). 
which  inaulat«s  them  from  each  other;  UiLs  is  sur> 
rounded  with  tarred  hemp,  and  seveml  strands  of  iron 
wire  are  wound  outaido  of  all.  The  copper  wires  in 
thi-  interior  are  the  conductors  for  tho  transmission 
of  Uio  sfgnak;  the  gutta  perc)ia  is  for  insulation ;  the 
hemp  and  iron  aro  for  proi«ctiorL 

1'he  Allaniie  cables  contain  a  oentral  conductor, 
'  II  in 'i;^' of  aievencopperwireA,twiAt«d  together  and 
':vitb  thrra  layers  of  gutta  percha,  forming 
:  a  cylinder  f  of  an  inch  in  diamutor.  This 
in  cuverud  with  a  layer  coiuistiug  of  fivo  attnoda 
of  boinp.  scrvoil  witli  a  ooinpottition  ooosiAting  of 
fi  (lartA  of  Stockholm  tar,  5  of  pitch,  L  of  liD.seed>ojl, 
^Bu.  and  1  of  beea'-wax.  Lastly,  the  whole  b  covered  by 
^^^L  18  strands  of  charcoal  iron,  each  strand  consisting  of 
^^^K  S0V6O  win»  -]^  of  a  millimetre  in  diameter.  On 
0^^^  leaving  tbo  machine  which  put  on  thv  wire  covering 
fuiifmn  ^*'  <^b'^  ^'^  passed  through  a  cauldron  contaimng 
a  mixture  of  pitch,  tar,  and   lin.sc«d-oiI.     Tbe  diffi* 

■  of  obtaining  sufficiently  good  insulation  has  thus  been  ooni- 
tj  aunnounted. 

seooDd  difficulty  attadiing  to  submarine  tolegniphy  depends 
,  tbo  inductive  action  of  tbe  surrounding  wat«r,  or  of  tbe  iron 
;1l  Tbla  actidii,  which  ta  found  quito  sciuiiblo  in  subtorranean 
of  no  great  ItMi^th.  heoomcs  of  immense  imporiaoou  in  lung 
larine  cables,  llie  cable  formn  one  enonnous  condenser,  the 
«]  conductor  representing  the  inner  coating,  and  the  sea-water, 
Dfi  sbeatl),  the  outer  coating  of  a  Leyden-jar.  In  the  Atlantic 
a,  th«  retardation  of  the  signals  due  to  this  cause  is  so  consider- 
that  it  would  Ik  barely  possible  to  obtain  a  spted  one-fifth  of 
usually  attained  on  laud-Unes,  if  tbe  mno  modt-^  of  MUiling 
roceiviog  aignala  were  emphiyeil.  The  electrical  capacity  of 
.■able  is  in  fact  so  enormous,  that  a  long  time  b  re«)uired  to 
it  a  (uU  charge  from  a  battery,  or  to  discharge  it  again.  Tko 
3*  accordingly  loac  all  their  sharpness,  and  run  into  one  another, 

■  ■paelal  precautiunn  are  taken.  After  sending  a  current  from 
M>lo  of  the  hatter^-,  tliv  cable  must  bo  diseliarged,  citlier  by  ptit- 
it  to  earth,  or,  still  better,  by  connecting  it  for  on  inntaiit  with 
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ibe  other  polo  oF  the  battonr'-  The  resiJxiol  cflects  of  the  fint  omeA 
arcilius(iuii:klydc8lroye<l,and  thelin«  isle(ttr«e  f or  a  seeutui  riguL 

Aa  the  drat  etfect  received  through  such  a  cable  a  very  bU^  i 
very  sensitive  receiving  instrument  is  neoesary  for  qnick  vuHcin], 
Thomson's  mirror  galvanometer  (§  719)  ta  the  iostrumont  *luA 
was  lirst  onipluyud,  tho  tiignal:t  being  read  otT  bj  on  aUnuknl 
who  wAlcttes  thi;  tuovcments  of  the  «poi  of  light,  dots  aod  iaAm 
being  represented  by  deflections  in  (^poetite  <lircclioiM.  A  ttit- 
recording  instrument  by  the  same  inventor  is  now  coming  into  uk. 
in  which  the  signals  are  written  with  ink  discharged  fron  a  ray 
light  glass  siphon,  the  siphon  being  moved  by  a  very  Ugbt  ooil  if 
tine  copper  wire,  suspended  by  a  silk  fibre  between  iho  polas  of  ■ 
very  powerful  [wrmaiient  tuagnot.  Th«  coil  turns  in  on*  tliiwUi* 
or  tlie  otlier  according  as  tlie  current  traniiinittec]  is  ixnilive  it 
negative,  thus  producing  opposite  sinuositiea  in  the  ink  rrnwd  it\aA 
is  traced  upon  an  advancing  strip  of  paper.  The  regular  flow  nf  U« 
ink  i*  ae8ii<.ted  by  electrical  attraction,  on  the  principle  of  the  boekfl 
or  watering-pot  described  in  §  509;  but  wiUi  tbi:i  ditTcrunw,  llalil 
is  not  the  ink  but  the  ])aper  that  is  electritled.  An  electrical  taadiiv 
uf  peculiar  and  novel  construction,  bearing  smne  reflemblaooe  to  tbt 
replenisher  of  §  C+i,  is  employed  for  this  purpose. 

849.  WheatBtone'a  Automatic  System. — Another  very  effiedm 
contrivance  for  Jncrcavitig  tht'  spc-od  of  signnlling,  is  AMrwUtrBi^ 
autonintic  npi>nratus,  u-liich  is  very  oxtcnnivcly  adopted  liy  tb 
authorities  of  the  postal  telegraphs.  The  first  st«p  tow-arda  Mri> 
ing  a  message  by  this  ^t«m  consists  in  punching  tlit  wam^ 
in  a  ribbon  of  stiff  paper.  The  punching  is  done  by  a  tftdi 
iastrument,  tlje  operator  having  merely  to  put  down  thtw  km 
one  of  which  roprc«ent«  dot,  another  daak,  and  the  third  hiitnk.  lb 
holes  punched  are  in  three  rows.  Those  in  the  middle  niw  wftjot- 
diRiant,  and  are  intended  to  perform  tlie  office  of  th«  twlJi  of  •  Mk 
in  guiding  the  paper  uniformly  forwards.  Those  tn  the  two  ovMik 
rows  contain  the  message,  o  dot  buing  represented  by  a  fur  ^ 
holes  exactly  opposite  each  ottier  (:)  one  in  each  row,  and  a  dash  kv 
two  holes  ranged  obliijuoly  (■ .), 

The  punched  stri[is  are  then  put  through  the  transmittiflj  'aaut- 
ment,  and,  by  regulating  the  movements  of  two  pim.  canw  1^ 
transmission  of  the  currents  necessary  for  printing  th«  nmmtft^ 
the  receiving  station.  From  100  to  150  words  are  thuii  tratwntU*! 
per  minute  and  automatically  printed. 
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The  following  is  a  spccimon  of  throe  ooDMCutive  words  of  rt  tele* 
gnipluc  meosogv,  m  it  ttpjHAis  on  Uiu  [>unch«<i  stri[)  nt  tlic  seudiug 
fltetioo,  And  on  th«  printed  sttip  at  the  rv^ceiving  .itaUon: 


^iPtadM 


T 


X 


V 


'!■ 


M 


^tl-rilMd. 


The   practical    limit   to  spci.-d.  in   Un«:«  uf  conaiderablo    Itingtli, 
lariaes  not  so  much  froiu  tlio  ditTtculty  of  making  <iuicker  nu>%'0- 
liaent*,  as   from   tliu   Uvnding   tu^-tlicr  of   suoceauvo  •igndu  Id  I 
I  UmvvlliDg  a  great  distance.  OMpocially  if  part  of  the  dlilanm  bo  undor] 
kground  or  under  water.    Thlf  evil  i.i  partly  remedied  by  making 
.  'aignal   coimst,  not  of    a  aingle   current,  but  of  two;    thus 

dot  will  be  produced  \>y  an  iiutantaneoua  current,  immtdiattljf 
\  Bueoeeded  by  another  of  O])po6ite  sign;  a  dasb  by  an  equally  short 
iCnrrent  followed  at  a  lon'j«r  interval  by  an  opposite  one.  In  thifl'! 
I  way,  though  a  greater  number  of  currenU  are  required  for  each  word, 
f«  grc«t«r  number  of  wordn  can  bo  dlstiiu-tly  signalled  in  a  given 
rtlme;  and,  by  sending  thrt:v  properly  ndju^led  currenU  fur  eudi 
[»igiial,  a  still  greater  sp««d  of  distinct  tran.smL«iion  Is  posK)bl&  The 
ItWbmitting  instrument  of  Wheat^itone's  automatic  aystera  does  ia, 
Ifut  eend  three  currents  f<»-  each  dot  or  dash. 

8S0.  Doplei  Workiag. — Of  late  years  methods  of  sending  two 
.nittaagcft  in  opposite  directions  along  the  Kaniu  wire  at  the  Bam« 

9e  liavo  been  very  extensively  introduced.    T\\w  tiiodu  of  opi^rat- 
b  called  dujirx  telegraphy.    U  requires  that  the  current  seal 
fruuj  (.'ither  station  shall  not  affect  the  receiving  in.itruiuent  at  that ' 
.  station. 

One  mi.'lhotl  of  attaining  this  end  depends  upon  the  priueiplu  tlwt, 
flf  the  coil  of  an  elrsriro-magnot  be  (ap]Ksl  at  any  |><)int  in  it»  length, 

eum>nt  aeot  into  it  at  this  point  will  traverse  the  two  puition-t  of 
I'tlia  coil  in  oppoaite  directions;  whereas  a  current  sent  in  at  eitlier 
end  of  the  coil  traverses  th«  whole  of  it  in  one  dinction.     Supf 
this  coil  to  be  the  coil  of  the  electro- magnet  which  actuates  thel 
I  tvoejving  instrument  at  any  station.    The  currents  from  the  irana-{ 
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mitter  at  this  atatioD  are  sent  into  the  ooil  at  a  point  Dear  tbi  uoMt, 
nod,  vtrculuting  in  oppotutc  ilirvcLion^  in  its  two  porttons,  aninri  mA 
other's  ctt'oct  upon  the  core,  thv  an-Angemciits  being  such  that  oeerf 
tliwo  portionii  tonna  thi-  iiiiivr  and  the  ollior  tho  out«T  portioo  U  thi 
whole  coil. and  tlint,  wiUi  ••lual  currcnb*,  their  utTccU  in  maffBetiifag 
the  core  are  equal.  On  Die  other  hand,  currents  Arriving  fni 
another  station  onter  at  one  end  of  tlie  coil,  and  circulats  round  il> 
whole  length  in  one  direction. 

In  order  to  ohtain  an  exact  balance,  the  two  eunxjoU  m\aA 
dteulntu  in  opposite  dir«ctions  must  bo  equal,  and  aa  tliejr  are  hak 
prO(luoo<l  by  tho  same  cludro-motivo  force,  tbe  reaislaaoei  ■ 
the  two  partial  circuits  must  be  equal.  One  of  Uicm  tnda^ 
the  line-wire.  The  other  poes  to  earth,  and  on  itit  way  tUtlir 
is  made  to  pass  through  a  resistance  which  must  \»  ^ij^md 
to  exact  equality  with  Uio  line-wire.  This  mode  of  doplax  ttm/^ 
i«  called  thu  DuTerential  method,  from  a  remote  resemblance  lad> 
dilfuri'ntial  galvanometer. 

Another  mode  of  duplex  working  is  known  as  the  BriiJgr  DftM 
because  it  depends  upon  the  prin> 
ciple  of  Wlieatstone'a  Bridge. 

In  Fig.  578  (wbiclt  we  here  re- 
produce from  §  756)  it  is  allow- 
able tu  suppose  tlic  Uinte  ooiiduc- 
ion  which  meet  at  B  to  be  dis- 
connected from  each  other,  and 
eeparabely  put  to  earth;  for  this 
is   merely  equivalent   to  k«.-«ping 

the   point   B  at   the   potential  of    Uie  earth,  and  will  nut 
(ho  diflvrcnce  rif  potential  of  any  two  points. 

Let  P  N  be  the  battery  at  any  station,  itM  pule  X  beinjt 
to  eartli  by  the  wire  N  B,  f)  the  reoaiving  inNtnimcnt  at  tU  ^ 
station,  D,  AC,  CB  three  resistances  at  this  station,  the  poltil  BiJ 
C  B  being  to  earth,  and  £  the  line-wire  leading  to  a  dbtaut  ttatM 
where  it  finally  reaches  earth  at  B.  Then  by  the  principU  of  l^ 
bridge,  if  tho  four  r6!UKtanc«s  D.  E,  A  C,  C  B  are  pmjnctioiMt,  ll» 
current  of  the  tottery  will  not  utri.^t  the  rocviving  instntoMtt  0» 
tlie  other  hand,  tlie  battery  nt  Uie  di»t«nt  station  will  ail<^ 
tliis  battery  is  in  lb«  branch  J  b,  and  will  alwayit  pr<-ilun  •  -t^ 
ence  of  potential  between  the  poinis  J  and  C,  wbatvrvr  b«  tW  rr'- 
(ion  of  the  rcsistanoea 


m.  m.-tnmMMm^»  MV 


DUPLEX  TELEGRAPHY.  831 

When  both  stations  are  sending  to  each  other  simultaneously,  the 
letnal  current  at  any  point  will  be  the  algebraic  sum  of  the  current'4 
Ine  to  ih&  two  batteries. 

It  is  practically  necessary,  in  most  cases,  to  connect  the  point  C 
ritii  a  condenser,  whose  capacity  should  bear  the  same  ratio  to  that 
if  the  line-wire  E  as  the  resistance  in  C  6  to  the  resistance  in  E, 

860  a.  Qnwiniplflx  Telegraphy. — Duplex  telegraphy  is  converted 
nto  quadniplcx  by  the  following  additional  device: — 

At  each  station  the  current  passes  through  two  receiving  instru- 
iients,  one  of  which  la  only  aflected  by  strong  currents,  while  the 
lUier  is  only  affected  by  currents  of  a  particular  sign — say  positive, 
I  weak  positive  current  will  affect  the  second  instrument  and  not 
he  fir^t,  while  a  strong  negative  current  will  affuct  the  first  and 
tot  the  second.  There  are,  accordingly,  two  sending  instruments 
mployed  at  each  station,  one  sending  weak  currents  of  a  particular 
ign,  and  the  other  sending  strong  currents  of  the  opposite  sign. 
Ilia  arrangement,  combined  with  one  of  the  duplex  arrangements 
have  described,  permits  the  sending  of  two  currents  each  way  at 
he  same  time,  so  that  four  currents  are  simultaneously  passing 
hrough  the  same  wire,  producing  signals  in  four  separate  instruments. 


Jacobi  of  St.  Petersburg,  who  projwIlvJ  a  boat  a 
taeans  of  one,  they  Imve  remained  in  the  oontlitl 
toya  udU]  the  last  two  or  three  yc&ra;  but  they  u 
importaot  in  connection  with  the  electrical  tnuismi 
power  to  adintaoce.  A  wutvrfnll  or  a  fixed  utoaii 
cmplojod  to  gonetntc  n  cunvnt  of  clectneity  by  lOM 
or  other  tnagncto-elcctric  machine,  and  this  currvat 
propel  a  cai'rioge  or  drive  machintMy  at  a  diattmce 
t^Iectromotor,  which  receives  tho  cum'Ut  and  re( 
mechanical  efTeci.  There  is  always  SdiM  ynato  ol 
double  proeow  of  conwraiou ;  but  tho  waste  ti  tem  t] 
mode  of  (rsmmitting  powi-r,  if  the  diabanee  be  oonai 

The  attonipbt  of  ear\y  iiivcnton  to  bring  audi 
^Ivnnic  bitttericA  supplying  Uieir  cwrrenlA,  into  e 
ftteaiu-eiiginea,  nGceii.Harily  insulted  in  failure,  oo  I 
penae.  A  current  can  be  ntore  cheaply  produced  b) 
driving  a  dynamo  machine  than  by  a  galvanic  b 
work  would  bo  ohtuiuublc  from  an  cIixtromotaL 
dynamo  than  from  the  eteam-cngine  direct.  H 

853. — Thi!  ino^t  «ucociwfu)  electromoton  hitherto 
been  coiitiniiuiis-current  dynamo  machinea,  soch  m 
(Fig.  TmO),  or  of  Qramnie  {Fig.  555),  used  not  as  d^ 
but  in  the  converse  manner.  To  explain  bow  the 
duccd,  we  may  begin  with  a  somewhat  simpler  a 
Mri^al  Siemens'  amiature  d<^uctcd  m  iTjgB.  S:^  £j 
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ifcod  {>olu  B  is  rcpclliog  b;  but  if  th«  nrmiLturv  be  slightly  displocwl 
'QUI  this  position  these  two  ropuluons  will  cuitcur  io  rotAting  th« 
raukturo  tltrough  ftbuut  180°.  By  tlie  action  of  the  coiuiiiutator 
Fig.  J>47)  tlie  currvnt  is  int«rrupt«<l  for  an  iniitant  at  eacli  of  the 
Vq  Jea>l  points  (which  an;  180*  asunder),  and  is  then  again  supplied 
a  Budi  A  directiun  that  the  polo  which  has  just  passud  n  pole  of  tiic 
jdd  nia^^net  is  ropellod  by  it,  the  rcpulsioo  lasting  till  tlie  next 
ktomipLiou  u(  Uio  vurronL  TliLs  anuaturv  is  actually  cniployod  in 
Ite  ui&uner  h«re  described  For  sonic  kiniU  of  light  work  Midi  aa  tlie 
living  of  sewing- nia^Uiines;  but  the  occurrence  of  the  dead  poinU  is 
du)ad^-ultal.'e.  I'his  difficulty  oould  be  surtnountod  by  omploying 
iro  Htich  armatures  in  puHitions  dillbring  by  00"  from  I'ach  other; 
M  still  greater  st^'adiiicss  is  obtained  by  employing  tho  otikngo- 

Ei  of  Fig.  550,  vhicli  may  be  regarded  as  a.  oonibination  of  n 
bar  of  such  aniiaturK»  with  their  pc^es  ranged  at  c(]ual  distanoes 
d  the  circumference  oC  the  circle  deacribed. 
,  Again  in  th«  coso  of  the  Granimv  ring  (Fig.  552)  it  is  clear  that 
fa  eurrmt  were  sent  into  the  ooil  at  C  fruin  an  external  Huurce  and 
ItBWti  otr  at  K.  this  current  would  divide  ilMlf  into  two  parta,  ono 
jBlag  through  (JUE  and  the  other  thraugh  CFI*!  If  we  suppose 
9  to  be  the  top  and  E  the  liottoui,  thi,<  current  both  at  D  and  at  F 
^  circulate  in  the  direction  of  watch-bands;  hence  both  halves  ol 
eOoU  combine  to  giw  one  polo  at  C  and  the  othor  at  £.  Tlio 
Jons  and  rvpul.tion»  butwei-n  thi'so  poles  and  Uic  poles  P  F  of 
]il  magnet  will  constantly  t«ud  to  turn  the  ring  in  one  direc- 
for  instance,  if  C  is  similar  to  P,  C  will  be  urged  to  tbe  right 
.  to  the  left 

rotatioDi  in  all  tlieso  cas«B  might  also  have  boon  deduced 
tliv  t<<n4lc»cy  of  vires  conveying  a  curronl  U)  move  across 
of  luagnolic  force.     The  two  vxpliuiatiotu  in  fact  are  fundn- 
■intally  ideotic&L 

SfiS.  Frofflent's  Engine. — Of  earlier  fonns  of  electromotor  the 
jut  known  pi'rhajNf  is  Froincnt's.  It  may  be  described  as  consisting 
\ «  wheel,  with  eight  armatures  of  soft  iron  attachud  to  its  ctrcuin- 
^^knc'  at  iutervabi  of  4&*,  rotating  imdur  tho  action  of  four  clectro- 
tixed  to  a  cast-iron  fnuiiv  at  intervals  of  (iC*.  Each  magitet 
when  an  armature  coinca  within  10*  oi  iO'  of  it.  and 
in'Ic"  as  the  armature  is  passing  it 
Thu  iimking  anil  breaking  of  the  circuits  is  effected  by  means  of 
>Ve  di«tributuni,  one  of  which  ia  ohown  on  an  enlarged  scale  in 
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Fig.  5S1.    R  is  an  eight-toothoc]  wheel,  ftxtsl  to  Um  ub  a 
thv  armatun-ti  rvvulvc,  aii<t  tuniing  witti  Uicid.     Each 


pMKS  th«  roller  r.  pushes  it  away,  and  brings  the  •todi  • 

contact.  As  long  mi  thoy  remain  in  cuutuct,  lh«  currcet  d 
through  the  coil  with  which 
the  diiitributor  is  cotmectecL 
rh«  dtstribubors  ai«  scfcw<_<I 
Into  A  mctullic  arc,  which  i& 
eoiisliuitly  coniH!Ct«<l  with  ono 
))ole  of  Uie  battery.  One  of 
them  serves  for  the  two  op- 
posite borizontjU  tnagnote.  whidi  arc  made  and 
The  two  lower  mulcts  have  one  dixtriliuior  ajuMa  lUtW) 
nmuigcd  that  the  curn;itt  U  not  cut  off  froin  om  floil ' 
ttliasoommeDCvd  t4>  (low  in  UiM  next  This  pnoMtioB | 
IwiMt  inittgatea  the  iniluction-spark  which  geuBtmllyiM 
ing  circuit  (§  814),  ami  which  has  the  miacfciavon  ■A'') 
lag  the  contacts,  and  thus,  after  a  titiiv,  derangios  Um  I 
636.  Edison's  Electric  Pea.— A  good  example  of  Um  | 
mechanical  power  on  aHinall  .icah;  by  lutnniuC  •l«cuiat)rli"' 
by  Edison's  electric  pen.  A  initiiature  ikikttefyHodaat 
II  lluxible  cord  oonBlsttng  of  two  inauIateU  vriraa  iwiitidt 
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ma  «*eh  pole  d  the  bftUery),  to  a  miniaturo  rloetzOHDagnttio 
Dgine,  light  enough  U>  be  moved  about  tike  a  p«n.  The  ctmiIc  of 
Ilis  engine  revolves  vitb  excessive  r^iiity,  and  gives  a  reciprocab- 
ig  motion  to  a  shaqi  needle,  which  moves  up  and  down  in  a  sheath, 
nd  proJG«tA  slightly  wbon  at  the  bottom  of  its  path.  The  sheath, 
irrjiDg  the  engine  tn  il«  bead,  is  held  btitwMD  the  ftngen  of  the 
Titer,  and  used  like  a  pen,  except  ihat  it  must  he  hold  i>erpeniiicHl«r 
^he  paper.  The  writing  consists  of  a  series  of  punctures,  through 
■eh  ink  is  afterwards  passed  by  roeans  of  a  roller,  the  punctured 
Kper  thus  servinij;  as  a  st':ucil-p1att'. 

Sectrieallj'OODtToUed  Oloolcs, —Various  schemes  have  been 

for  utilizing  electricity  in  connection  with  the  driving  and 

iment  of  clocks.   In  some  of  them,  electricity  Li  t^mployed  eitlier 

nd  up  the  driving-weight,  or  to  fulfil  the  ofGce  of  a  driving- 

by  its  own  action,  a  jwadulum  being  employed  as  the  regu- 

r,  as  in  ordinary  doeks.     In  others,  electricity  both  drives  and 

the  dock  for  even  a  coosiderablo  uuiubor  of  dudts),  by 

I  of  currents  which  keep  time  with  the  inovemonts  of  a  stAndanI 

eloctridty  having  thus  to  do  the  work  both  of  driving  and 

ittng  the  dependent  docks. 

tho  system  which  has  given  the  best  practical  results  is  that 
iooed  by  Mr.  B.  I*  Jones,  in  which  the  dependent  clocks  uv 
pltfto  docks,  able  to  go  of  thomMlves,  and  keep  modcratdy  good 
without  ttio  aid  of  elcctridt}*.    The  duty  devolving  on  tlie 
currents  is  merely  to  supply  the  small  amount  of  Bocelvimt- 
retarding  action  neoessary  to  prevent  the 
,dcDt  docks  from  gaining  or  losing  on  the 
ird  dock  by  whoso  movomcnte  the  cunviits 
"«  tliiiciL 
Hi-  arrangements  for  attaining  this  on*)  are 

Ern  in  the  annexed  figoTM  682,  583,  whidi  re- 
But  the  penduloma  of  the  controlling  an<1 
rolled  docks  respectively.  These  penduliitnii 
1m  supposed  to  be  almost  prccbely  of  the  same 
Bub.  so  that  they  would  nearly  synchronize  if 
KuiMtecL 

Hlw  controlling  pendulum,  in  its  movonwnt  to 
»     r  dido,  oomes  in  oontnct  with  one  or  the  other 

#D  weak  springs  S  S',  which  are  oonneoted  with  tlio  poles  of  a 
ury  PN,  having  one  of  its  middle  plates  connected  with  the 
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carUi,  so  as  to  keop  ite  poles  at  potentiaJs  differing  fma  thi 

earth  in  opposite  direcUona.    In  the  position  repreaentad 

6gure,  a  current  U  being  sent  from  the  positive  pole  fl 

mre  W.    When  the  pondiilun]  swings  ow 

other  si<l(!.  a  negailvt^'  currunt  will  he  aeoL 

The  bob  CC  of  the  controlled  pendol 

S8S)  h  a  hollow  cj'liniler  of  Hoft  iron  end 

»  coil,  whose  ends  are  connected  throo^ 

pending  springit  at  m  with  the  wire  W  a^ 

rCH))<<(;tivoly.     The  conMqueDCO  of  this  un 

U  tliat^  whenever  a  current  arrives  hy 

the  bob  becomes  an  electro-magnet. 

Two  steol  ma^etfl  A  A'  are  Gy.v<\.  witfal 
tamed  opposite  wafB.  in  auch  a  pcait 
hollow  bob  of  the  pendulum  always  < 
both  of  thum.    Suppose,  in  the  figure,  i 
A  A'  wliii.'!)  oro  turned  outward^  are  th< 
jiulun,  »o  Uiftt  the  two  lionNil  polus  are  facing  each  uthrr. 
are  to  be  ao  arranged  tJmt^  iii  the  po«!iUon  ri>pr<wcatc<],  tlia  | 
beio;^  near  the  loft  oxtreiuily  of  ito  awing,  the  right-haod  < 
coil  is  a  horeel  pole,  and  magnetic  force  orgeti  tJie 
left.   WTicn  tlie  pondulum  is  near  the  right  extremity  of  it 
current  i^  in  tlic  opposite  dirt-clion,  and  con»o<juentJy  th*l 
of  the  coil  is  its  Utft-hand  end.     The  peodulum  will 
iiiogiietic  force  uif^ing  it  to  the  right.     If  tlie  \>cat\ 
gain  upon  the  standard,  ita  return  front  the  ext 
ifwing  i»  tliat  opposed  for  a  longer  time  than  ita 
moat  i»aid(^il;  tuul  if  it  tends  to  lose,  the  nnistaDnr 
la^ta  longer  than  the  oppo&ition.     Its  Lendeury  to  'Itt 
atandard  clock  either  way  is  Uiua  dieeked,  and  the  ■ 
is  greater  as  the  deviation  from  coincidence  a  gi  imtwr,  i 
trolling  power  tlius  obtained  ts  so  great,  that  «Tea  if  ' 
connections  are  interrupted  during  Hoverol  eonawoU**! 
accutnuiated  errors  will  be  ooinpletely  wiped  off  aftia*  that 
are  r«itor>.*d. 

868.  Telephone. — The  articulating  telephone  ionnled  bf'^ 
Gisliam  Bell  U  represeot«d  in  Figs.  AS4,  58A.  D  0  if  •  «*^ 
net,  C  a  coil  of  very  fine  ailk-oovered  copper  win,  mmn^ 
magnet  clo«o  to  one  end,  and  having  tts  tern 
connection  with  the  two  bin<ling-scruw8  E  E. 
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iron  (miually  one  of  iho  ferrotype  plates  prepared  for  photo* 
bus),  tightly  clamped,  in  its  circumfvrcotial  purtioo,  between 
two  parts  of  the  woodea  caae  H  H.  which  are  held  toigotb«r  by 


t^  m-a*«Ui>a.4T*1r»bMM. 

nhilu  its  ocutral  portion  U  left  fri>v  aud  lU'arly  touchra  the 
tlie  inagnot^  A  A  is  the  mouth-pivc«-.  Uirough  which  the 
■  dtr«?ct«  his  voice  upon  ihe  iron  dtac, 

<  telefdionw  must  bo  uinploym],  ouo  for  traosuiitting,  and  the 

'  for  reouiving,  one  b]ndiu^-»cn.'w  of  ^^uch  being  vunnucUil  with 

De  winj,  uiil  the  othi^'r  with  the  earth  or  with  a  rcttini  wiriMM 

:iiiir  Ciiils  forui  partA  of  one  and  the  same  circuit,  aii<l  evi.*ry 

li  ^nerated  in  the  one  traversea  the  other.    The  mouth-piece 

the  n-ovivin^  t«te[Aone  is  held  to  the  ear  of  iho  Ii»tener,  an<l 

tir  ht-ar  iho  words  which  are  spoken  into  thi-  transniittio;; 

There  is  a  threat  falling  off  in  loudni.'ss,  and  a  dectdwl 

an  is  iiniMrt^-il.  but  so  much  of  the  ori^nal  character  in 

that  fauiilior  votom  can  l>«  nvo^nixvd.      OjnvcniatJons 

!)us  boon  carried  oo  through  60  or  70  miles  of  Rtibniarine  tcle> 

calili',  and  through  as  much  as  200  milea  of  wire  stuiiondcl  in 

on  iMlta. 

risults,  which  came  upon  the  scientific  world  as  a  moat 

ag  HurjiriMe,  are  explained   a*  follows.     The   voice  of   the 

%r  producea  changoi  of  premure  in  the  air  in  front  of  the 

iao,  and  tbua  causea  tJie  ili&c  alternately  to  advance  and  recede. 


directions,  ftcoording  as  the  disc  is  approachingoi 
rise  In  alternate  currents  These  carrenta,  passii 
of  the  i-ec«^iTing  telephone.  Etrongthen  or  weaken 
(iir«ctioD,  the  magnetism  of  it«  sUxl  core,  and  il 
tliv  iittrnction  of  the  Uttvr  for  the  iron  dine.  *. 
ingly  sut  in  vibration,  and  imitat^'fi  on  a  tliminbt} 
menUi  of  the  disc  of  the  transmitter.  Tlius  tbi 
vibrations,  liaving  first  been  converted  into  u 
of  elwtricity,  are  reproduced  ae  BonnroiiK  vibrafci 
are  excoaeively  feoUa,  probably  niilliuos  of  t 
ordinary  telej^mphic  currents;  but  on  tlw  oUm 
e.ttn^mely  sonutive  to  inovoinenU  howover  ■ 
periodically.  Lord  R&ylcigh  tiaa  made  expenio 
appears  that  the  note  of  a  whistle  is  audible  at  I 
ihv  amplitude  of  tho  vibrating  porticlL's  of  air  i 
of  a  millimetre. 

When  tbg  telephone  is  employed  for 
of  a  number  of  ti-legraphic  wires  su^>ended  on  ti 
found  that  mcosagea  sent  hy  ordinary  tclegrsphia 
the  other  wires  are  audible  in  the  tcJophooo  as  «. 
taps,  so  loud  in  fact  o»  scrioasly  to  inturfare  W 
oonversation.  This  is  an  illustnttJon  of  ib« 
starting  or  stopping  of  a  current  in  one 
induced  currunt  in  a  neighbouring  wire;  but 


t 


wira 


iu  thifl  case,  though  bo  loudly  audible  in  the 
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BknpboDe  of  Professor  Hughes,  the  inventor  of  ihe  printing 

pb  which  we  hAvo  dweribed  in  g  S44. 
is  a  slick  of  cnrbon  about  tn  iodi  long,  tJiarpeoed  at  boUi  ends, 
licb  rest  in  Cftvitiea  in  the  two 
borixootal  supports  B  B,  also  of 
earbon.  "Dm  uppor  end  of  A  is 
b«o  to  nittl»  a)x>ut  in  thv  cavity 
whicli  cuiitiuiiH  it,  but  not  to  fall 
awmy.  The  two  wireH  B  E  arc  in 
DDOneeliaD  icopeettvely  with  the 
hro  sappcnte  BB,  and  are  used 
Tor  putting  tbv  iustrumont  into 
circuit  witlt  a  rvoL-iriii;:;  kile- 
pbono  ni  anoUtttr  atation.  A 
twtbvy,  luually  oooBiitiog  of  two  or  three  very  hhiilII  cells,  is 
ll*o  introduced  into  the  circuit.  The  back  C  in  which  the  sup- 
port* BB  are  tixcd.  and  the  base  D,  are  of  n-f>od,  and,  bo^dt.« 
iBsalatiiiK  tlic  carlions,  ncrva  to  convey  to  them  iho  aoDoroun  vibm- 
liooa  of  tl)ft  air  or  of  siiiroundin;;  l>u<:ii<-.s.  Th»o  vibrations  produce 
lltttnintr  increa»o  and  diminution  of  presaure  at  the  points  of  ooa- 
lact  of  Uio  carbons  with  one  another,  and  as  increaw  of  preswire 
■$vaa  closer  contact  and  consequently  diminished  rosutoncv,  tlia 
Bamot  in  the  circuit  undergooo  comMtpouding  duuige-t  of  strength' 
EbaMt  clian|2;es  act  upon  tho  receiving  telephone,  antl  cause  it  to 
■oiit  ftoundn  which  are  often  uiuch  louder  tlian  the  originals.  The 
aaicmpbont?  in  fact  actH  as  a  relay,  tunting  on  and  olf  tite  current  of 

Imtt^'r^-,  likv  the  Morse  relay  described  in  §  843. 

action  is  improved  by  employing  carlion  which  luu  been 
llized"  hy  beatiitg  it  white  hoi,  and  tlioo  [Junging  it  in 


lie  bock  C  aliould  be  nttodied  to  the  I«m  D  by  a  pivot  wtiich 
iiu  it  to  be  iuclim^l  to  one  aide.  The  best  results  for  speedi 
la«  qsoolly  obtained  with  an  inclination  of  some  SO  or  30  degrees 
bom  the  verlicftl.  When  this  inclination  is  too  siDall  there  is  an 
of  noL'te  in  the  rrcr^ivtug  telephone,  but  a  low  of  distinct- 
A  n)icn>phone  of  tli<:  above  kind  tnutniita  spoken  aoonds 
as  niucl)  difitindJiMa  M  a  telephone,  and  with  mudi  greater 
It  has  also  a  aurpriaing  power  of  transmitting  ven>-  faint 
ivands  produced  by  rubbing  or  striking  the  base  or  bade  with  li!,'ht 
kodicA.    Sounds  of  this  kind  which  are  ((uite  inaudible  at  the  place 


k 


^ 


Hving  imHBlR. 

861.  Haghes'  Indaction  Balance. — Bell's  telephoi 
IB  an  extremely  sensitive  imiicator  nf  the  currents 
l^  Ute  commoncement  or  cessation  of  currente  in  a 
iWcssor  Hiigbw  has  taken  odv&ntago  of  this  pn 
a  very  sensitive  ia^trumcnt  for  the  instantanooua 

A  current  U\m\  two  or  tlirco  cells  U  wnt  t! 
primaiy  eoiLi  at  a  conjti(]<-ralilo  distance  apart. 
placed  two  necondary  coila,  in  circuit  with  a 
arrtuiged  that  tlie  induced  currents  in  them  are  op 
induced  currents  are  exactly  e^jual  lliey  destroy 
the  adjiiKtiucnts  are  6r8t  moilti  so  aa  to  obtau 
is,  ao  03  to  obtain  no  sound  in  the  t<-Iophone  1 
circuit  in  inouKtntArtly  made  and  broken.  Thn  hti 
for  making  comparisons.  Within  each  aecondar^ 
containing  the  specimens  to  bo  oompartd.  If 
spocimemi  are  placed  in  the  two  boxc».  no  ofTcct  ia 
slightest  ditfervDoe  sufEoos  to  disturb  the  balauoa  ( 
and  give  a  sound.  A  counterfeit  coin  can  tliTU 
guished  from  a  genuine  one;  and  even  two  gvaoini 
kind  will  disturb  the  balaooe  if  one  is  a  litUe  a 
otlier.  Tlie  best  conducting  motals  givo  the  mail 
and  a  piece  of  wire  givce  a  very  much  strongnr  il 
touch  80  as  as  to  form  a  closed  drciiit  thanjfl 
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Beotrie  UghL— ^Vlit-n  twn  pointed  pieces  of  a  condacUng' 
of  carbon,  such  s*  tiiat  whkl)  h  ilepodtod  in  the  retorta  at  gas- 
rlu,  are  connMtod  witJi  the  poles  of  a  powerfal  battery,  aa  in  Fig. 
brilliaot  light  ia  obtaine^l  hy  brin;;iiig  them  together  so  aa  to 
•Uow  diachaige  to  take  place  between  thctn.  This  discharge,  wheti 
oooe  obtained,  will  not  be  iotcrruptAd  bjr  separating  tlie  points  to 
florae  distance, — greater  in  proportion  to  ilie  elcetro-motivc  force  of  the 


rit  b>:-Ela.l.:.;l^l||ht 


pry ;  and  the  interval  will  be  occupied  by  a  luminouB  arch  <1cnow  n 

I  the  wUaic  arc)  of  int^^'nse  brightness  and  excessively  high  tempera- 

Hii^  brilliant  experiment  wa«  firat  performed  by  Sir  Humphry 

iry,  at  ibo  oommencetni-nt  of  the  prrtsent  conhiry,  witli  a  battery 

3000  cells.     The  light  ftppr^rs  to  bo  mainly  due  to  the  ineandcs- 

of  [tarticlra  of  carbon  which  traverse  the  apace  between  tha 

inta. 

[This  transport  of  partjcica  c*n  be  rendered  visible  to  a  targa 
iber  of  NpFCtators  by  tltrowing  an  imago  of  the  lieated  points  on 
crcon  with  the  aid  of  a  lens.  Fig.  5Bfi  reprefenta  tlm  image  thus 
lobtaiDe'l,  Uie  natural  size  of  tlie  carboiut  being  itwltcntt^l  by  tlie  idcetdi 
■ft  the  right  hand.  On  watching  the  image  for  ttome  time,  inoBodM- 
Qant  partidee  will  be  otwerved  traversing  the  length  of  the  are,  M>tne> 
tbnoH  in  one  dirMtion  and  Bomctitnui  in  tlie  otJier,  the  prevailing 
rliri^etion  being,  however,  that  of  the  positive  current     Tliis  ctrcuut- 
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istiuDce,  which  appear*  to  be  connected  with  the  Iiighv 
of  the  positive  terminal,  explains  the  difiereoce  beiWMD  tbt 
asaumed  by  Uic  two  carbons.    Tlie  point  oC  the  poaitirc  okrtn 
becoinL-M  concav«,  while  the  native  carbon  remiuiM  pHintinl  ux 


^  *»«— Imiflt  of  ih.' <  <  iiiA 

ww»  awt^  lewt  Ripidly.  This^difference  is  mora  fmaa^y  u^oi 
whcD  tiie  fltpcriiiiiMit  is  performed  tn  vacuo;  a  kind  at 
^rowsop  on  the  negative  carbon,  while  acooical  cavity'  bdvawJi* 
Uie  positive  carboo.  These  pheaomoDa  are  1«b  dearly  esUhte'  ^ 
air,  oil  Rcoount  of  the  combustion  oocaiiQiMd  bf  the  ottmaBid 

OXJIJCII. 
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Ttw  voIUie  RFC  flxoeeds  in  t«in|M!r&ture  aa  wtM  as  in  brightoMS  All 
b«r  ferlificta]  sources  of  heat.  Dei^preU  succeeded  hy  its  meaiu  In 
ng  uid  even  volatilizing  many  subetancce  wliich  lutd  previousljr 
rvfrncUny.  CarlMn  itsulf  niui  M>ft«nc<d  nnd  bent,  welded, 
iftpparenUy  reduced  to  vapour,  whidi  vru  coitd«nscd,  in  tho 
of  bUdc  erysUlline  powder,  on  the  walls  oC  Uie  containing 

>'Tb«  voltaic  arc  must  be  regarded  as  an  instance  of  conductioa 

lor  than  of  disruptive  discbai);!',  tli»  air  being  rendered  a  con- 

rtur  \<y  Uio  high  tompcrattirc  to  which  it  is  raised    Henoe  it  is 

t,  although  discharge  does  not  com- 

livtweitn  tlie  points  till  thi>y  have 

brought  clmse  togetlier,  it  is  not  in- 

iptud  by  sahsequently  removing  them 

I  &  eotundcrable  distance. 

|Tha  voltaic  are  ut  act«d  on  by  a  magnett 

ig  to  ttic  samo  laws  as  any  oihor 

M.    il.  Quet,  by  einfJojing  a  very 

rerful  elcctro-tnagnet,  with  it«  poles  at 

hual  dinlances  on  opposite  sides  of  the 

jcrining  the  poiiit«,  repelled  tlie  arc 

snUly  to  BUcl)  an  oxteot  that  it  rc< 

ibltd  a  hlowpipv  llanie  (Fi?.  5S0). 

18.  Character  of  the  Light. — The  light  of  the  voltaic  arc  haft  a 
briltiatic^-.  ant]  attempts  wore  long  ago  maile  to  utjluu  it 
''    '  ii.s  of  these  attempts  were  due  not  so  much  lo  its  greater 
tn  oobiparison  with  ordinary  sources  of  illumination,  as  to 
kdtfficnlly  of  vising  it  vlTeetively.     Us  brilliancy  Is  painfully  and 
DtDUsly  interuM-,  boing  liabl«  to  injurv  the  eyes  un<l  pro<luci< 
liM.    Ita  small  sixc  dotrada  from  its  illuminating;  power-  iV 
miW  ^i(  iUiiininalt* — and  it  cannot  be  produced  un  a 
iy  amall  »<ale  {nr  ordinary  purposes  of  convftni^'ncc.     Tlicro 
<  mean  between  the  abeience  of  light  and  a  light  of  over|>owenng 

Mty. 

is,  however,  one  application  in  which  these  peciiliariti«fl  of 
•tectn'c  light  nru  powitive  advantages,  pcdiotration  being  the 
itJal  requiiiittt;  we  mean  thn  Ughting-up  of  lightliouaos.     Hera 
I  offioe  of  Oil.!  light  i^  not  to  render  other  uli}i>cts  vi&iblc,  but  to  1>o 
If  saen;  and  in  tJiis  respect,  in  U&zy  weather,  the  electric  light  is 
ad  decidedly  superior  to  oil-laiups. 
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The  olectrie  liglit  has  also  long  been 


1%.  100.— rbOMull't  Bi«iiUUc. 


d  for  tKrowing  fangai 
a  KCToen  in  lectore-UhMntini, 
and  for  prodncing  varimu  t»- 
nainoua  effects  in  thoatrkalabi- 
bitiona. 

As  Uie  cnrboitt  trndecgonrti 
by  conibustiOD,  it  is  ntciiry  H 
employ  some  means  for  luifat 
tbem  at  a  nearly  cooMant  fr 
taoce,  ao  as  to  give  a  steady  ^ 
Several  different  rcguUtoa  b* 
been  employvd  For  thj>  patf^ 
all  of  thorn  ile-pcnding  mi  d( 
principlu  that  the  atraifth  i 
thu  intrront  diniinUbes.  u  <W 
ilUtutic^,  ao<l  oooaaqari ' 
nwiHlance,  incrcaaco.  ^'^ 
briolly  describe  FoucaiiUa 

864.  FoncaiUt's  BoptUtn-tt 
contains  two  tiystvUM  of  vW 
work,  one  for  briofrin^  |J»» 
bous  nt-an-r  tugcliMT.  and  't* 
othot  for  moving  tbrm  f«tk* 
apart  Fig.  590  rt-pn-rti&  *» 
apjutratiis,  with  the  ijoiiwo^ 
a  fow  intermediate  wbn-)-  f  " 
a  tuam:!  drivL-n  liy  a  j] 
dosed  wiUiin  it,  and 
Bcvcnil  intcrmediatfl  -  ""- 
wltidi  Innsiiiit  its  inutJoaUrdt 
fly  A  It  is  the  secand  bni^ 
driven  hy  a  atroiigWfpcia(.M^ 
<lnvingio  lQcdnianD«rtli»flf('- 
ITiv  racka  whidi  carry  tir 
boiiA  work  witli  tootbrd  «li 
RttadieJ  to  the  UlitvI  L.  d* 
wlii^I  for  the  pcaitini  cariM 
having  double  tba  diaart*  ^ 
the  other,  becsosa 


lin«  shown  that  it  ia  consumed  twice  as  rapidly.    The  cbitmiI  »at«» 
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nding-MTttw  C,  ti«vorH.-«  tlio  coil  of  ttio  i.'Icctri>-magD<>t  E. 
through  the  wb«el-wori(  to  tho  luclc  1>,  wliiili  currier  tht* 
pooitive  carbon.  From  the  positive  carbon  it  i>iuisvn  through  th« 
voltaic  arc  to  the  negative  car1>on,  and  th<:nc«,  thmttgli  th4<  atipport 
n,  to  till)  biading-Ecrcw  oonnect«<l  with  the  negative  [<oIc  of  the 
Uttei^. 

WhrM  tli«'  nniiatun;  F  de«c«n(ls  towards  tlio  magnet,  the  other 

of  thf  K-viT  F  P  if  raised,  and  this  movem^Dt  ix  resisted  by  the 

spring  R,  which,  however,  a  not  attached  to  th«  lever  in 

sestion,  but  to  the  end  of  another  lever  pres^ng  on  its  upper  hiiIc 

tno^sUfl  about  the  point  X.     The  lower  aide  of  this  lever  is 

red,  so  that  its  point  of  contact  with  the  Bmt  lever  cliaiiges, 

the  spring  grvatur  or  less  leverage  according  to  the  strength 

ihe  current.     In  virtue  of  this  arrangement,  which  is  duo  to 

abvrt  Iloadin,  the  amiaturc.  instead  of  being  placed  in  one  or  tho 

!ier  of  two  positiontt,  as  in  some  other  rc^latont,  tins  it^  pututJon 

atlnuously  varied  according  to  the  strength  of  the  current     The 

T<  is  rigidly  connected  with  the  lever  FP,  and  follows  ita 

tllatiooK.     If  the  current  becomes  too  weak,  the  head  (  moves  to 

right,  stops  the  fly  o  and  rok'fises  o,  which  accordingly  revolves, 

tlie  carbons  arc  moved  forward.     If  the  current  bocomc«  too 

Dg.  o  is  stopped,  o'  in  released,  and  the  carbons  ai«  drawn  back. 

lion  tlic  anchor  Tf  is  exactly  vertical,  botli  fiies  are  arrested,  and 

carlions  remain  stationary.    The  curvature  of  the  lever  oii 

Jch  the  spring  acts  being  very  slight,  the  oscillations  of   the 

tiire  and  andior  are  small,  and  very  slight  cliangcs  in  the 

th  of  the  current  and  brilliomrt'  of  tliu  light  aru  ttmnediately 


JatiIocltkoff*s  System  of  Bteotrio  XiigbtiDg.  —  The  modem 
ivul  of  inu-rvst  in  the  vlectric  light  dates  from  tlie  faris  Exhibit 
of  Ifi78;  when  some  of  tlie  stnictA  of  Paris  were  for  the  first 
I  UghU^d  by  electric  lamps  constructed  on  a  plan  devised  by  M. 
^Uochkut!!    Instead  of  placing  the  two  carbons  end  to  end,  and 
ling  mechanism  for  keeping  them  nt  thu  proper  distaoce,  ho 
with  mechanism,  and  places  them  ndo  by  side,  witli  an 
Bubataneo  between  them,  which  is  gradually  oonAumed. 
(Fig.  501)  are  the  two  carbons,  separated  by  a  stick  of  plaster 
is  B.    1'he  heat  produced  by  the  electric  current  foMS  the 
of  Paris  between  the  points  of  the  carbons,  and  the  fused 
tion  acts  as  a  conductor  of  high  resistance,  becoming  brightly 
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incaikdesoent.  To  light  the  lamp,  a  piooo  of  eurlxin,  hold  \ij  m 
insulator,  ia  laid  aciwu  the  two  carbon  pointe  until  th«  light  appen 
and  a  then  removed.  The  lovrer  endj  ol  the  carbms  oi 
inserted  in  copper  or  brass  tnbea  C  C,  separated  tna  mA 
other  by  asbestos;  and  these  tubes  are  coonecied  farlia^ 
ing-9crews  with  the  two  wires  which  convey  the  comtit 
When  the  current  employed  flows  always  in  tbcaa* 
direction,  the  positivo  carbon  is  madu  twice  as  lai^  ia  w» 
tion  Oi  the  nvgativo,  because  It  it  consumed  about  tviota 
fast  When  the  current  is  altomatiDg,  which  b  tU  [fr 
ferable  arrangemeDt,  they  are  made  equal. 

The  light,  when  iLied  for  street  laiupei,  Lt  surroaoM  tj 
a  globe  of  opal  glass,  which  sorres  to  didiuie  its  in  WW? 
and  prevent  dazzling. 

Ilie  currcul  is  furnished  by  a  magneto-electric  natUK 
either  an  ordinary  Ciramine  machine,  wbii^  givM  a 
alwayK  in  one  diix-ction,  or  a  Oramme  madUm 
modified  for  givuig  currents  in  alternate  diroetiou.  Tha 
ia  driven  by  a  small  !iteam  or  gas  engine  of  aa  itiaay 
as  there  are  lamps  to  be  supplied;  sixteen  lampa  beiiig  wnittii* 
supplied  in  one  circuit  by  a.  single  machine. 

865a.  Incandescent  Lamps.— Another  form  of  electric  U^ 
suitaMe  fur<U)mestic  purposes,  liccause  farstcailkr  and  Iw 
is  now   coming  into   favour.     A 
carbon  prvjiared  from  Ijambuo.  pajvT, 
otlier  Sbroua  material,  and  about  as 
sewing  thread,  is  incIo«e<l  within  n  tkCuowiM 
Teasel,  its  two  cods  being  uttiu-h«d   > 
vhidi  pass  through  tlie  base  ul  the  L-,  ~ 
serve  as  electrodes.   A  currant  of  prop>T  stiM^ 
heats  the  carbon  filament  to  whitenea^  caMV 
it  to  «mit  a  "uft  aiMl  brilliMit  li(cl>t.  i"-"'  '^ 
carljon  is  not  cuosomed,  ad  there  b  ik' 
to  produce  4<oiabasttnn.     The  vacmuB  vn*  '* 
the  most  perfect  tJiat  can  be  obtaimnl  wiil>  1^ 
best  Sprengel  pump.     One  of  (he  iMt  kn^ 
of  tfaeae  krope  is  rvprasented   k  Ttg.  V^ 
The  thin  black  Inw  in  thu  intvrior  n]*^"* 
the  carbon  (ilanicnt,  wliich  is  highly  elaatic  and  ukui  two  too** 
its  upper  end. 
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ELECTRICAL  AND  MAGNETIC  UNIT& 


UNITS  AND  DEBIVSI)   VTUJS. 

(l.)  The  numerical  %'alue  of  a  concrete  qvuiottty  ift  ito  ratio  to  * 
ticuUr  unit  uf  tlio  same  kind;  the  mIqcUod  of  this  unit  being 
kys  more  or  Uws  orbitnurj. 
I  (S.)  One  kind  of  quantity  inay,  however,  bo  .w  related  to  two  or 
oUtors,  u  to  uliiiit  of  being  apecifled  in  t«ruui  of  units  of 
other  kinds.  For  exunple,  of  the  three  kinds  of  quootity, 
lied  dist&noo  {or  length),  tinio,  and  velocity,  any  one  is  cApaMe 
bi-jng  exprBweJ  In  terms  of  the  other  two.  Velocity  can  )(0 
Sed  ta«  regard*  amount)  hy  stating  the  distanoo  passed  ovur 
a  Hpoeitii.vl  time.  DtDtance  can  be  apecilJed  by  touting  the 
ktoeity  required  for  describing  it  in  a  specified  time,  and  time 
W  apedfied  by  stating  the  distance  deecribed  with  a  specified 
llucity. 

Force,  distanco,  and  work  are  in  like  manner  three  kinds  of  quan- 

ty,  of  which  any  two  ore  jupit  sufficient  to  sjiecify  tlie  tliird. 

(3.)  Calculation  is  greuitly  facilitated  by  employing  aa  few  oriiriiial 

undi-rivcd  units  as  possible.     These  should  bo  uf  kinds  admilting 

ny  and  nocurotc  comparison;  and  oil  other  units  should  be 

lv»^l  from  them  by  tlie  simplest  modes  of  derivatioD  which  are 

raiUbl« 

nniEssioss. 

.'  {i.)  Velocity  Is  proportional  directly  to  distance  described,  and 
lywM-ly  to  the  time  of  its  description;  and  ia  independent  of  all 
elements.    1'ltb  i»  oxprsMsd,  by  saying  tltat  tJu  (/*mtfn«io'>« 


■  .  ililtUlM 


length 


(5.)  AI]  clcctrieat  and  magnetic  uniU  can  fw  iIott 
length,  nia^,  and  time.     We  shall  denote  longth 
iiad  time  by  t 

(6.)  TLc  unit  of  velocity  is  the  velocity  with  whi 

described  in  unit  time.     Itfi  dinienaionn  are  7.     fl 
(7.)  Th«   unit  of  a&xleratiim  ia   tlttt  aocelem 

uuit  increase  of  velocity  in  unit  time.     Its 


dioMj 


(8.)  The  unit  fm-ce  is  that  wliidi  acting  on  unit  m 
aoccleratioii.    lt»  dimensions  are  mass  x  accoleraUc 

(9.)  The  unit  of  work  in  the  work  done  hj  UB 

through  unit  len<;^h.     Its  diineoaiouB  are  force  X  k 

(10.)  Tlie  unit  of  kinetic  enei'gij  is  tlie  kinetic  en< 
of  mass  moving  vrith  onit  velocity  (.according  to  tlic 

It«  dimensions  arc  mnss  x  (velocity)*,  or  ",,  and 

the  dimensions  of  work.  It  might  appear  simpln 
rnergy  of  one  unit  of  mass  moving  with  unit  vdu 
cban;;o  wcrv  made,  it  would  bo  nvocitSBi7  either  t 
of  wurk,  or  clsi-  to  make  Linetlc  energy  double  of 
produced  it.  Hither  of  tliese  alternatives  would 
iuoonveuienoe  and  complexity  than  the  selectioo^ 
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Thia  being  equAl  to  ft  forcA,  tbu  dimenatoiu  of  q*  must  bo 

(Iragih)*  X  force,  or  ~i  ,  and  the  dimensions  of  q  must  be  ^-j— . 

Mp2.)  U-t  V  denot*  diffcrmct  of  poUmtial.     Then  tlie  work  »- 
j^fced  to  raise  a  (|imntity  q  through  a  dilTereoce  of  potential  V, 

Is  9  y.      Tlie  dimensions  of  V  are  therefore  ^^,  or  ^  -rjii  <* 

Thv  dimonaiom}  of  potential  arc  of  course  the  iiamtt  ax  lhoa« 

UlTerence  of  potentJaL 

IS.)  The  capacity  of  a  conductor  ia  tlio  quotient  of  the  quantity 

kl«ctricity  with  which  it  is  charged,  by  the  putontJal  which  tliis 

produces  in  thv  conductor.     The  dimensions  of  capacity  aro 

fore——  .  ^1^,  or  ium|)ly  /,     In  fact,  aa  wo  liave  seen  (§  013), 

[capacity  of  a  tphcrical  conductor  is  equal  to  its  nuliua. 

KLECTRO-MAOKCTIC  UNnS. 


k)  Let  P  denote  the  numerical  value  of  a  jW^t  (or  the  stren^h 
polo).     Thi-ii,  since  two  equal  poles  I*  at  distance  /  ropi-1  each 

with  the  furoo  -p,  whidi  must  hu  of  the  dimenaions  ^-,  the 

iiona  of  r  are  ^*. 

Kt  Lot  I  dcnotv  the  intanaii>/  of  a  ma^etic  Jietd.    Then,  a 
P  io  tills  field  IS  acted  on  with  a  force  PI.     Thi«  must  be  of 

LdfaiwnaioM  ^ .    Uanee,  the  dtmeasioas  of  I  an  ^'  .  ~jr,  or 


10.)  Let  U  denote  the  motMni  of  a  magnet.    Since  it  is  the  pro- 
>  of  the  stren^  of  a  pole  by  the  distance  between  two  poles,  its 
•lit 


I  are 


17.)  Inteutity  of  magnHizatum  is  Ham  quotjeut  of  nooHint  by 

Its  dimensions  are  therefore  jr  or  J^-^    Tlieae  are  the  same 

dimcniiion»  of  intcnnity  of  field. 
\\'huti  a  magnetic  subeitance  is  plaeed  in  a  magnetJc  field,  it 
Btized  by  induction;  and  each  substance  has  its  own  specific 

of  majfiKd'c  induction  (constant,  or  nearly  so,  when  the 
not  exooasively  intense),  which  oxprawee  the  ratio  of  the 

of   the  induced   inofjiiutbEation  to   the   iat^osity  of   the 


1 

length  is  equal  to  n  field-mtensity,  Lh«  dimeg^M 
ftud  the  dimenaioos  of  C  are  — -^               ^^H 

(SI.)  Tlio  quantity  Q  of  electricity  conveyed  I 
product  of  the  current  by  tlie  time  thtt  it  lasta. 
therefcHre  mili. 

(22.)  The  work  done  in  nixing  a  qtinntity  Q  bg 

force  E  is  E  Q,  henco  the  dimeiuuoaa  of  eUctro-n 
-TTj  or  ^^ ;  and  as  elGctro-motivo  foroe  U  difTi 

these  are  also  the  dimensiona  of  pot«ntuiL         ^ 
{23.)  Theca^Ki^yof  aconductoristhequotiai 

tricity  by  potc&tial;  ibi  dimetutoiu  are  tiierefore 

(24.)  The  resistance  R  of  a  circuit  is,  hy  Oho 

Its  dimensions  are  therefore  ^~f-  ^^  or  j,  aodj 

dimcuuionK  of  velocity.                                     H 

courARisoN  or  tbb  two  sets  3M 

(25.)  On  compMing  the  dlmenaioDfl  of  the  saii 
rared  according  to  the  two  t^rstems,  it  will  be  < 
•rtt  not  identical.    7'he  dimenBions  of  quantity 
example,  in  the  tirat  system,  are  to  its  dimonrfl 
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^Bsrccl  •UUcally,  it  will  aLso  bo  double  g(  th«  other  wlion  coniporad 
■giurtic&lly. 

B26.)  An  illustration  from  a  soincwhiit  more  funiilior  <le{)artmoat 
imy  ssiflt  the  reader  in  convincing  himaetf  that  it  is  poasible  for  one 
tod  the  sani«  kind  of  quantity  to  have  different  iliinenatoiu  according 
bo  the  lino  of  derivation  employed.  It  is  well  known  tliat  uiiirorm 
Ipboru  attract  t-ach  othvr  with  a  force  whicli  is  din-ctly  ns  thu  pro- 
hwt  of  tlicir  uta»)i(w,  and  iuwrwly  as  Uic  tiqiuiru  of  the  dintance 
^we«n  their  centres.     If  thiH  law  were  made  to  furnish  the  unit  of 

■bo^  the  dimensions  of  foroe  would  be  '^,  iniit^iid  of  "  ,  as  pre- 

rloiuly  found.  The  ambiguity  depends  partly  on  the  fact  that  I  in 
ibo  ono  formula  denotes  distance  between  attracting  centres,  and  iu 
Jm  other  distance  moved  over.  It  is  only  when  the  mode  of  durlva- 
ion  bt  difttinctly  specified,  or  is  loo  obvious  to  need  specilication. 
Jubt  the  dimenaions  of  a  quantity  admit  of  being  determinately  stated. 
Im  the  definition  of  a  derived  unit  necessarily  involves  a  specification 
mode  of  ita  derivation,  there  is  some  advantage  in  HpMkiug 
the  Jimm«ion«  o/  a  uitU,  rather  than  of  the  dimetutiona  of  the 
itity  which  tliu  unit  serves  to  measure. 

T.)  Ovrived  nnita  are  often  called  aW«^  units ;  but  it  secom  an 
of  l&ngiuige  to  define  a  unit  by  its  rtlation  to  other  arbitrary 
.  and  then  call  it  absoluif. 

L)  A  committee  of  the  BriUsh  Association  have  reoommendod 
tho  centimctn,  gramme,  and  second  be  adopted  as  the  general 
.  of  all  derived  units;  and  that  the  unitH  thence  dcnved  bo  dis- 

■hod  by  the  initial  lettois  C.  Q.  S.  prefixed. 
J.)  Ratio  ov  thk  Two  Units  of  Quastitt  is  thk  Vki-otitt  of 
r — Let  the  units  of  length,  nisas,  and  time  in  any  other  syatem 
tively  equal  to 

locDilBMn*,  mgamam,  fMaandu 

the  new  electro-magnetic  unit  of  quantUt/  will  bo  m'  P  Umes 

3. 0.  S.  eloctro-magnetic  unit;  and  the  new  electro-iitatic  unit 

quantity  will  bo  niWie->  times  the  C.a.S.electro-Ktatio  unit     If 

two  new  units  of  quantity  are  equal,  we  shall  have  the  following 

between  the  two  C.  O.  S.  units,  namely— 


0.g.g.  tkoennaagaMi  aaU  _  I 
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But  7  is  clearly  the  value,  in  centimctros  per  second,  of  thu  T«loaty 

which  woiilil  be  called  unity  in  the  new  system.  This  is  ft  dtfinilt 
concrete  velod^';  and  its  numerical  value  will  always  be  equl  to 
the  ratio  of  the  electro-tnagnetic  to  the  electrostatic  unit  of  <)Btati^, 
whatever  units  of  mass,  length,  and  time  are  employed. 

From  numerous  cxpcrimcnUt  in  which  the  same  quantity  o(  ibfr 
tri<:ity  was  measured  both  statically  and  magoctically,  it  afpm 
that  t1ii»  velocity  in  {within  the  limits  of  experimentul  rnor)  tiioti- 
cal  with  the  velocity  of  light.  Pi-ofeesor  Clerk  Maxwell  niii"'"" 
that  light,  electricity,  and  magnetism  arc  all  atTectioos  at  mtai 
the  same  medium;  that  liglit  is  an  clpctro-niagnetic  phenonn* 
and  that  ite  lan-s  can  be  deduced  from  those  of  ulectricity  aal 
aetism. 

The  following  resolutions  wore  adopted  at  tlie  Tiilfnufii^ 
Congress  of  Electricians  at  Paris  in  1K8I: — 

1.  For  electrical  measurements,  Uic  fundamental  unita,  iVmtf- 
metre  (for  length),  the  gramme  (for  uioss).  and  tlio  second  (fur  tfM 
are  adopteiL 

2.  Tlie  Ohm  and  the  Volt  (for  practical  mea>4ure«  of  rmiitaiMat 
of  clectromotivo  force  or  potential)  are  to  keep  tlivir  vxiatingMfr 
tiouA,  10»  for  tliw  Ohm,  and  lO*  for  th«  Volt. 

S.  The  Ohm  is  to  be  represented  by  a  column  of  moroitrjrft 
square  niitlimctxe  section  at  the  toinperaturo  of  zviv  Ccntignda 

i.  An  lutcrnational  comuiission  ia  to  be  ap|>oitiU>d  to  < 
for  prRc-ticdl  purposes,  by  fresh  experiments,  tlie  lun^th  of  a 
of  mercury  of  u  »r|uai'e  tnillimetrc  section  which  is  to  repnual  Ik* 
Ohm. 

5.  11)6  current  prodooed  by  a  Volt  through  an  Ohm  is  to  b*  aU 
an  Amp&re. 

6.  The  quantity  of  eludridty  given  by  an  Amp^ra  in  a  M^i'  h 
to  be  called  a  Coulomb. 

7.  The  capacity  defmcd  1^  tlw  condition  that  a  Conlonb  doip* 
it  to  Uie  potential  of  ft  Volt  is  to  be  called  a  Farad. 


AMPLES. 


ittifaAaitj  til*  two  g«0Butrie  Hric*  of  }  63S,  whidi  eipre*  tli«  qtiu<- 
rwMBMilyety  diMluurged  tna  Uie  two  tc&ting«. 
1 1.  Coaipwa  llw  energj  of  diadiArgn  td  n  ungle  LajNlcn-jar  witli  thkt  ot  n 

>  of  ■  Ri^  jan, 
0}  When  ili«  cluirge  of  Ui«  tiogh  Jtu-  It  equal  to  Uiat  of  Uie  battery, 

»(S)  Wh«n  both  aiw  cku(ad  to  tho  muto  potmUal. 
i.  A  Nrioi  of  n  I»yd«u-jan  ato  ctiorgpil  Uj  ametdt,  the  kaob  of  the  fiftt 
bcisfi  in  coDtiDcikiu  with  th«  coodactor  of  Uio  awdiiue,  (lie  potential  of  wbiok  i* 
V.  If  the  firrt  jar  b«  diacoiiDeoted  from  (b«  iniMhiiie  ond  froon  the  Meood  jar, 
and  Ita  Dut«r  outiag  b«  connected  with  the  Mutti,  «h*t  will  be  the  potential  of 
lit  inoer  ooaiJugf 

^  Sbow  tlut  tlie  epork  obuined  bj  connectisg  the  Icnob  of  tlio  Gnt  jar  in  a 
iMifidr  amngement  vltli  the  outer  ooating  of  the  lart,  will  be  atroogtr  tliaii  that 
whicb  woald  be  obtaiocd  by  ooDiie<<ing  tlie  knob  and  outer  cooling  of  tbc  firat 
far,  if  thia  jtw  were  cfaarRtd  Id  the  ordinary  wnjr  with  the  aamo  quantity  of  aloc- 
tnaij  wbioli  It  baa  in  tlM  eaacade  amngomonl. 

Sb  U  n  ainllar  j*ra  arc  ebargfd  by  nscade,  and  Uioii  eOTinectod  ao  aa  to  fiarm 
^m  odinjuy  LeyileU'UaCCery,  oompare  the  rneriicT  of  tbe  diiehaije  obtuned  by 
•eoBpcttiig  Ih*  two  ooatinp  of  the  batl«ry  with  that  of  tli«  diMbarg*  whidi  woaU 
k*««  been  obtained  by  oooMCting  tbe  iDn«r  coating  of  tlie  fint  jar  with  tbe  outer 
■■fttillg  of  the  last  in  tbe  cascade  arrangeinuQt. 

A  Ao  (ttectrified  body  u  fixed  bC  the  dietiuKe  of  a  (ew  lachM  from  tlie  knob 
tl  ui  uncharged  gold-l)«f  electroacope,  and  produce*  dirergenoe  of  the  leftve& 
Bow  will  titia  divergeooe  b«  affoctod, 

(1)  By  ifltrodoeing  a  wire-gauw  ahade  io  ootinectioD  with  the  ecuth  between 
lb*  ehatged  body  and  the  •leetroaeope  I 

<t)  By  phcing  a  wire-guue  akMte  in  oonMction  with  tbe  earth  ao  aa  to 
■holoM  both  tb«  diarged  body  and  the  elactroeeepe  I 

7.  A  netallic  waiil  A  b  ftUed  with  ihot,  which  ran  out,  one  by  one,  along  a 
Metal  tubelcrainatin;;  Dflirtoan  iimlated  poaitiralj chei|<*d  ooodactor,  but  Bo( 
■esaar  that  a  iiuik  rati  jam.  The  ahot  drop f^MB  the  tab«ia(«neeeoiiid  nwlallic 
mmoI  R    Wbxi  wdl  be  the  (iuid  etectriod  condition  of  each  of  the  wah; 

t(l)  I(  both  ar«  inaulatcdl 
(S)  If  B  is  inaiiUiod.  bat  Mot  At 
(3)  If  A  and  B  ut  eonneded  together  bj  a  wire,  but  tBaolated  from  other 

■I 
flbow  how  the  pri&dple  ot  the  eowtrvntloD  ot  energy  appUM  I&  each  caat^ 


ntatiiiat. 

of  k  battery  of  Uitm  i 
MK»  R;  luid  (t  b  fouDtl  lli&t  wlioQ  tbe  Urmli 
eeUa  of  tlio  Inttcry  aie  oaanecUd  with  UtH  twraoiaftb  ol  t 
tbroQgh  R  U  itot  Hlt«r«d.    OMnp«n  R  vitfa  tli«  itautanM 

16.  A  1»lt«rjr  ooBntIs  of  ten  liinUur  oelbi  unui^vd  in 
U  completed  bj  b  win  10  fc  long;,  tl  tliu  mirt,  at  •  pa 
termiDBl,  U  allovtd  to  toitdi  tha  btiKling-Krcw  wludi  « 
Ibltil  celU,  riiow  wlietlier  then  wilt  U  an/  aUcnUon  li 
part  of  the  win-. 

17.  TLe  urmiuAb  of  »  hatXtrj  arc  eonaoctod  by  »  win 
reaisUDoe.  Compare  the  indimtioiui  ot  an  elactrameter  ■ 
joined  (1)  to  tlio  torminab  of  tba  battery,  (2)  to  pointa  in 
«igbt  thouRand  aaita^  rwutanM,  (3)  to  pouite  aapMSted  b 
rwBULncw. 

18.  A  gnlrauic  battar;  of  t«a  odla  ha*  ita  coda  JMoed 
with  a  nwixUtioe  fire  timn  that  et  lbs  battery.  Alao  th 
and  fourth  oolla  ia  in  coramnnicatioD  with  the  eattlL  Fin 
other  junction*,  and  of  the  teniunalt  of  the  battery. 

10.  Inveatlgate  tbe  effvrt  on  tlio  current  of  a  battery  o 
tenial  resiatancc  equal  to  that  of  one  cell, 

(1)  WhoD  half  the  liqnid  in  ana  of  tlw  ecUa  ia  rcnorad 

(S)  Wheu,  fur  the  noo  of  one  mU  another  aeUl  ia  aa\ 
cell  bj  ilaelf  would  produce  a  current  oaly  halt  thai  of  oi 
itMilf. 

Sa  A  bcLltery  ia  to  be  conatnicted  with  plaM  of  a  g!«M 
a  ^Ton  diatauM  apart,  for  the  jmrpoae  of  beating  a  wit*  «| 
Find  tli«  number  of  caHa  which  will  bot  the  wit*  nuat, 

81.  A  and  B  are  two  balwriae  eotutraetad  of  tba  nun* 
ance  of  A  u  to  that  of  B  aa  a :  fr,  and  the  current  in  A  ia  < 
eatamal  reaistanoea  boing  noeligiblo.    Viai  the  ntio  of  t! 
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Inoed  win  tm  iba  unit  of  rMuteao^  ftiul  the  unit  of  enmnl  b*  Uul  which 
■Tolrai  I  OS.  ol  faydrogtn  par  nunttt*,  vktt  ia  Uie  oUdro-notivo  forot  of  om 
ntoftlMUuarjrt 
S3.  Tbe  circuit  of  *  cotwUnt  battery  icoluilt*  n  l«D][«at  gnlnnoiDet«r,  utd  ui 
-u^piMio  Migiii*  (m7  k  NmnMd  QramiM).     Dcacriba  «m1  •iplftia  tb* 
a,  if  utj,  in  tb*  iiidiatkiu  of  tba  ^vnnoimtar,  uoordjng  m  Uw  dsetro' 
tic  cngiDC  in  htid  nt  real,  or  allowed  to  turn. 
'  S4.  A  Rtni^t  lion]»iit«l  copper  bw,  io  electric  conununicatioa  with  the  mHIi 
r  cteln*  hMigtng  (vrtlcally  from  ila  two  andH,  u  earrMd  id  k  horlaouUl  plane  in 
I  four  foUowiDg  wayi, 

[  (I)  111*  bar  ia  in  the  HutgiwtMi  mcriilian,  niid  ■•  cMrried  in  the  dircetion  of  ita 
I  tength. 

(3)  II  u  pcTpSDiliciiUr  to  the  meridivi,  and  i*  mrried  iu  the  diroction  of  Ita 
ilnstli. 
I  (S)  It  la  Ib  the  naridian.  and  ia  carried  |ier7>eniiiouiiu-  to  Ita  own  l«iigtli 
I  (4)  It  ia  pcrpeiMliculAT  to  the  neridlan,  and  ia  ouritxl  perpendietilar  to  ita  own 

I  Ompw*  Um  ciiirciit*  (■(  my)  ganeratad  b^  the  motion  in  tli*  four  cmth. 
I K.  A  awtal  rias  rvtatm  noifonnlj  round  a  horiiontal  diameter,  wbicli  ii  per- 
iimUr  to  the  maynetic  moridiaM.     Id  what  partM  of  tlia  rrvolution  ia  tiio 

I  cnmotitrongeat,  and  in  what  parta  doM  it  vaiilalit 
SIL  ComiMto  tbe  cuTreDla  in  the  preoeding  qtiution  with  Ihoae  indund  bjr 
;  the  rinf  with  tlM  Mma  velodt;  rouad  a  T«rtieal  dianxitcr. 
[17.  Oompare  tba  alMiro-motiva  forcaa  gen^nttcd,  in  two  rinp  of  dilTMetit 

,hj  ivtaliiig  will)  aqua)  augnUr  T«|ooiti«a  roiud  piuvUel  diametefa. 
I  S8.  Vnye  tliat  ibe  diaUttoa  ol  a  fault  id  a  aubourine  cahb  ia  lo  tba  whola 
I  o(  ibo  ubi*  aa 

8-  Vff -Sub - 8)  to  B, 
^8  dvnotiDg  tba  naiilimri'i  ot  th*  faulty  caUc  wbon  oonnactcd  with  aarth  at  the 

bar  and, 
\  T  ita  rcal«taii«a  wben  inaulatad  at  the  fortbtr  <nil, 

,  B  the  naiitaiioo  of  the  caUe  before  it  waa  faattjr.    The  fault  i«  mppoaad  lo 
in  a  !□«  of  inniktion,  and  all  porta  of  the  cable  oxoept  lli«  fault  an  aop- 
i  to  be  perfectly  ineolateil. 


ANSWERS. 


[Zt.  I.  Q,  nQ-      Ex.  3.  EoerET  of  diacbwjie  of  single  jar  ie  n  timos  that  of 

'  in  caae  (1),  and  !  id  omo  (!).      Ex.  3.  ^. 

Is.  4.  Since  Qia  to  equal  Q*,  the  ebargea  ami  potMitinlnintlieeMOKkarTangv- 
Bt  are  n  limes  aa  great  aa  in  the  caae  appoaed  in  f  €33.  \ .  Benee  the  energy  of 
Iha  Bpark  ia  n'  titnca  «•  great.  It  is  therefore  n  timca  the  energy  of  the  apwk  of 
tbe  aiitgle  i±T.      f.x.  A.  Tba  auna. 

I      Ei.  ft.  In  aae  (1)  the  eleotroacope  will  be  completely  aa«ened  trceu  (he  laflueBee 
!  Ibe  electrified  borlv,  and  the  loarca  will  collafM.    In  caae  (3)  ekotridljr  of  the 
lite  elga  to  that  nf  the  clurged  body  will  ho  iDduesd  on  tlw  ahade,  and  the 
r  cl  lh«  leavoi  will  be  diminiahed. 


Ex.  17.  As  10,  9  ahA  3. 

Kx.  18l  Fint  Icnuino]  --«,  last  t«nniiat  -  j  <i  jiin«tM«^ 

&e.,  t  being  Hectro- motive  fotce  of  ooe  odL  S 

Ex.  ig.  TLe  currant  wUt  b*  dimiDiabM]  (1)m7  to<,<S] 
Ex.  20,  Let  R  deiio(«  the  iMicUuKe  ol  the  vire, 

balterjr  wlico  consuting  of  k  tiaj^*  ecU.    Tbe  number  i 

wbich  giirea  the  anullcat  (liff«ren«c  between  nr  bikI  ~- 
Kx.  31.  Asai>toV- 
Ex.  32.  lSa+ j^*',  wbora  i^  denotw  tb«  nvviM 

TolUi- meter. 

Ex.  S3.  The  current  will  bo  vc*k«iMd  by  kllowing  tha  « 
tlio  motion  genentM  &  reverae  eleclro-inotiv«  (ora. 

Ex.  a.  Ko  curiviit  in  cbbm  (1),  (S),  and  e<iiial  ciinvBta  ii 
ikTo  due  aoldy  t^}  thp  vertiul  nutgnotie  force,  for  tboo^  t 
force  ar«  cut  by  t]i«  chaina  In  (9)  and  (3),  tbe  elect 
eluJuB,  or  doim  both,  uid  •»  lieatray  each  otber.  

Ex.  SS.  Strongwt  vbon  tbo  pUneof  tbo  ring  i«  p«ntUl ' 
Taniihee  when  plane  of  ring  ia  perpendtculM'  U)  dipptag-nei 

Ex.  S8.  A*  total  inlrniit;  to  horixontol  intcnflity,  or  i 

Ex.  £T.  As  the  •qu&TM  dT  the  nuiti,  nr  directly  aa  t 


ctro>nfl| 
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OoAhdMriaJlTCoenJU,  Mf 
OoMlap,  Jh  wilk  avnU*.  «■  L 
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Camay  facn,  4(1. 

C>M»m«r.  itfc  Wft 

CiiBiimi  igMi.  M*.  479. 
CaadoMn,  rfHnk.  4a& 

apMilyoCt^ 

«»diu»«r.«Da 

—  lof  plVltJt  (iMBWhr.  6lt. 

Oaada«li(  ttKBOapa.  «d»i 

—  yMTB^tl}. 
CMlMOMlr.  CBMoIwi  •<  lh«*. 

■Ml  tol  tUuriot  *A 
Cmdutum,  tltiaiui.  IM  *r,  Mr- 

—  UflMfiw,  Hi- 

L'anqBBa  p—w t  «ti 
I.'— id  iliahdiy.  ^*^ 

Cnuilid  dMk^  lit. 
ClKWW  •(tleclrk>l)r,j;i,4t}. 

—  —  IhM  brdUdikiti',  TJ& 
Cn^cr-ofcc  Mpitiwal.  Ito^, 
ColuaV^  UniHt-hdaca,  a^ 
Cdum— ■  J«  mm,  4»i. 
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CnMohuA^  DOiifli,  «ti. 
CMtcm.  dtflMUd  bjr  aicMltc 

—  dlranta  oT.  In  h»ltmr,  <K 

—  nuMBiol  HtlMMI  •<  4tt. 
GltUOM    <(    tlWDtol     BMllktk 

Ihnpcn,  Mfptr,  t^ 
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DduaiM^  dfiL,  ]«(. 

Dt>i<rtu  M  but  tf  nhila  IK 

DUsnn,  ■fc«i»«lt«tit,  TO- 
riiil  i*h«npt*.  Iibti^ 
|)i.>nL>cntiw  Wdla,  M^av 
(lulKUii:,  kiiHKt  *f,  «■«. 
^pcluliimo^ftir 
DdWallad  pfvwCBM 

IMp.4«l 

I)hn6(«  tRdoKT  i/im,  Ul. 
Dtehirsg  IB  atttai  imm.  )M. 

—  imiminl.  fa]. 

DialhUiiin  of  ctnikilf  «■  on. 

Diviilal  riint*.  r*. 
Dry  pile.  4(4. 

DMllly  rf*«™*t>* 
Oupki  Ickmbr.  fc», 
DiM»»  letaw.  nffat. 

Euib.  mIm  of  ih<  m  ohiok 
rtt. 

—  MS  •K«>t.  4} « 

—  faf  ntoa  a^  4*}. 
Smb-oinot^  f*» 
Set  alwDk.  sM 
Klnulail  Ibna  at  ■  ibIm.  MT. 

—  BMUHm  »> 
llMri«l((bi,lt>-l4a 

BlecMdo.  (It,  7H. 
ElMU*4lya«ta,  n* 

—  —  adiifcJ«»ikctrn  lip^liet 

j«i. 

—  .OWWdO  OglMh  IjP^)* 

—  ■  Jal  ioailai^  !■» 
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EUcmlyiA.  N>- 

—  hwi  of,  ;n. 
RlactnmtKis  CiK 
StKBOwtor.  atiHtuU,  C» 

—  aunofd  diK,  tji. 

—  ouaunB  im*  tl  aaUor, ;  u 

—  poibU*,  in- 

--  qiuijBBI.  6/^  III,  7)1. 
ltl«iM>nislii«  (eTM,  ctismul  n> 

SlMOvpharBh  1*> 
ElMtnicm.  st<s 
~  BshiMabMSW'*.  (9^ 

—  (MtdMlbS.  ti^ 

Kleotni  of  chitmi,  iB*(Mlk  fan* 

<]UCM.  lot. 

— DiiiLUk]  ulln  of.  i4ik 

EUifvuia,  diUributiMi  «f  tiNIn' 

til)'  141,  iif. 
ElaiD'i  £r.  Si,  f«i- 
Enoxjr  of  chufod  ccnducur,  JM 
Equipotcatul  iAcck  99^. 
KqiunteiiH,  nlrnmt  r  hiring  7 1$. 

randmVa  vaKpcvfmanu  ^iIud  olac  - 

—  oiim  ncndlni  •iKtrt-uii. 

bduciloQ,  ju.  4rf . 
)'«»«*>  aocuiaiilugf,  fiS. 
t'-tM.  nutnKlc.  Ml. 

—  —  bMuh  *r.  6C*:  luktftra.  77!. 
l^iUii|;i^  iLBH  foriuti  by.  A) j. 
PloiiK  dscuW,  ifaesris  «f,  u» 

FeRc,  limiDJ  lubes  of,  ]gl,4De. 

—  ^  ^  Ibcir  BOvcm^n,  77^ 

—  ^-  •—  ibtit  nUAaa  «e  induced 

PoRC  du*  10  ■  cirduK,  fad^ 

—  Bcf  lurtiM  of  wmluewr,  tei. 

—  unliof,  M- 

4      Fouaull'i  R(uluor,  1*4. 

rnaklin'i  (lymBual  «■  Itthl- 

Din(.44o, 
Fn(,  upoinHni  «ilh,  tl^ 
^^rtiOMnt'i  eoEinvk  Su, 
fiiw,  SuOwn'i.  jM. 

fWwdc  toimy.  MK 

—  dMlriciiy,  (W. 

lidlMOnMIt,  «H' 
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Kolu'i  tleartcol  auOiM  >*i. 
KortKiDUl  I11MHI17,  Ha. 
Hosba*  prinliac  ltkcni|ik,  tf- 

Sij. 
tIrdi»clceD)C  — ^'"1  )7V 

tc»fail oaytfiinail,  jSliai. 

imifptarf  B^^olic  ■ulcor,  t^ 
lacudcKCM  b^i,  M- 
liKUaaiMc  ■■(■■■■(.  bjA 
I  dduccd  auraiB.  77i"7T». 

li«\of.  JM-777. 

Induraoa  }\a4tn  m.  i«& 
~-  aitt.  j»|, 

—  ctKHIMBlic.  Mi-til,  tat. 

nlaiid  u  fc««ftw.  tm. 

— lucniiic.  (.)>.  aatlfcimi  nC  1^ 
Indasliri  apidiy,  ■fodfc.ttt. 
liMaHUniaiH  cvnab  flit 
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-of  Add. «..»», 
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Inatw  tImiSueur,  jtj. 
lannoiqum,  1>b>  fd. 
Inalanirif««tB<M.M<. 
ludiBlc  |IM>>  >7* 


JihlMhlwfftlMUic  lithr.  («> 
jcO,  Rsridcb't  (HKnoxXM  ai^ 

JcWi-  dMHvlkd  OmU  •}». 

Kiy,  IknA  utacmMfi,  Ic. 

I'lMwiWt^  UniMi««».  m 

I,0dd-|BMMH,7*(> 
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ACOUSTICS. 


CHAPTER    LXII. 


PRODCCriOS   AKD  PROPAOJlTloS  01^  SOUNIK 

I.  Sonnd  is  a  TibratioD. — Sound,  as  directly  known  to  ub  by 

tnstf  of  henring,  U  an  impression  of  a  poculiar  cliftroctor,  very 

ly  dialiDguisliLtl  ftum  tliG  iinprcssioru  ruccivu).!  tlirough  tlio 

t  our  iwnMS,  Mid  admitting  of  groAt 

Iff  in  itf  luoililicatioai.     The  at- 

1  to  explain  the  physiological  so* 

which  constitute  hearing  forms  no 

if  our  present  design.    The  bustm^^ 

^to  ta  ratlier  to  treat  of  tluwo 

Ikftl  AcUons  which  constitute  sound, 

lered  as  an  objective  existence  ex- 

I  to  the  ear  of  the  percipient 

can  be  shown,  by  a  variwty  of  ax- 

WntM,  tliat  sound    is  thv  rwult  of 

fcwy  movement.     Suppose,  for  ex- 

b,  we  tlx  one  end  C  of  a  straight 

I  CU  (Fig.  £92)  in  a  vioe  A,  tlien 

'  the  otlier  end  I>  aside   into  thu 

tin  D'.  ani)  let  it  go.     In  virtue  of 

wUcity  (§  ISG),  tb«  ipcing  will  re- 

[to  its  original  position;    but  the 

le  energy  which  it  acxiuires  in  re- 

kg  IB  sufficient  to  carry  it  toa  nearly  nr  BM-vAniko  ii<  atni«iii  a^in* 

tdistAnoe  oo  the  other  side;  and  it 

nrings  alternately  from  one  sidu  to  the  otlior  through  diNtancca 

{gradually  diminishing,  until  ut  last  it  comes  to  re^t.  Such 
neat  u  etlktl  vibratory.  The  motion  from  U'  to  I)',  or  from 
IX,  b  called  a  »ingU  vibmlum.    Tin:  two  togetlier  constitute  a 
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doulle  or  compUU  vUtrcUion;  *n<l  Ctio  iiro«  of  executing  e  c 
vibration  is  tho  period  of  vibration.  Tho  amplUuida  at  v 
for  any  (loiiit  in  th«  spring  is  the  distance  of  ita  miildl* 
from  one  of  itA  extreme  positionfl.  These  temu  have  boea 
vmployeci  (§  107)  in  connection  \rith  the  mov^mcnta  of  pot 
Co  vrliidi  in(te«cl  the  movements  of  vibrating  sjinnga  bear  an  ei 
close  Ksemblanca  The  property  of  isochroaism,  which  appro; 
characterizes  the  vibrations  of  tli«  pvndulum,  aliw  Iwtoiig 
spring,  tho  approximation  l>oing  usually  80  duM  that  the  pel 
practically  be  rcj^nlcd  as  altogether  independent  of  tJie  am 


FIc  Daa.-VIInU«i  Ol  OriL 

VrHten  the  spring  is  long,  the  ext«nt  of  ila  mo« 
rally  be  perceived  by  the  eye.    Id  consequence  of  the  : 
impression:*,  wo  seo  the  spring  in  all  its  poaitiou  at 
edges  of  tlio  space  moved  over  ore  more  ooniqiicuous  tlian  t 
parts,  because  tbu  motion  of  the  spring  is  alowost  al  in  td 
poEtitions. 

As  the  ^ring  is  lowered  In  the  vice, so  as  to  iborten  0»\ 
poctioQ  of  it,  ibt  rnovementa  become  inoru  rapid,  and  at  Uu  i 


VIBRATIOH  or  A   FLATR 

:  limited,  tmtil,  when  it  is  very  short,  the  eye  is  nnable  to  dvtoct 
■ign  of  motioo.  But  where  sight  fails  ua.  hearing  comes  to  our 
iL  As  tb«  vibisting  put  is  stiurt«iu)d  tnon  ami  tDur«,  it  einitfl  a 
osteal  Doto,  which  ooDtinually  rbcn  in  pitch ;  stid  tliis  effect  oon- 
Bties  after  the  movt^ments  have  become  uiuch  too  hihaII  to  be  >-iiible, 
II  thus  appears  thut  a  vibratory  movement,  if  auflicieuUy  rapUl, 
ay  prociueo  a  Mand.  The  following  expcrioionts  afford  additional 
tutnttion  nf  thin  principle,  and  arc  MunpW  of  the  evidence  from 
hidi  it  in  infernal  ttiat  vibriUorv  tnovonusnt  is  tsstptial  to  ttkc  pro- 
Ktioa  of  sound. 

of  a  BeU. — A  point  is  Sxed  on  a  stand,  tn  such  a  poni- 

'  to  bo  nearly  in  contact  with  a  glass  bell  (Fig.  S03).     if  n 

xl  fiddle-bow  is  then  drawn  over  the  edf^e  of  the  bell,  until  a 
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note  is  emitted,  a  scries  of  tape  are  heard,  doe  to  the  striking 

bell  against  the  point.    A  pitli-ball,  bmg  by  a  thread,  is 

out  by  t)io  boll,  and  kept  in  <M<cillalion  as  hmg  as  the  sound 

lues.    By  lightly  touciiing  the  bell,  wc  may  feel  tliat  it  is 

and  if  we  press  strongly,  tho  vibratioo  and  the  souod 

I  both  be  stopped. 

Hon  of  a  PtaU. — Sand  is  strewn  over  the  surfaee  of  a  hori- 
plat«  (Fig.  694),  which  ia  Uteu  made  to  vibrate  by  drawing  s 


JiOU^ 


jKsoj^ 


bow  over  it^  edge.     Aa  soon  aa  the  pt&t«  begins  to  aoand.  dw  i^^ 
dances,  leaves  certain  parts  bare,  and  coUecte  in  de&ait«  Utuft,  vUftS^  ■    •  ■ 

are  called  twdal  Utics.    These  are,  in  fact,  tlio  Ham  wticli  •ei«ii*«*«*Y^  OJ>\B 
portions  of  tlic  plate  whu«e  iiiovcin«ntit  are  in  oppo- 
site ilirectioat.     Their  positiun  diangcs  whenever  tlm 
plate  changed  ita  note. 

The  vibratory  condition  of  the  plate  ia  also  mani- 
ruatcd  by  onotlior  phenomenon,  oppovite— «o  to  epckk 
— to  that  Juab  duscribed.  If  very  fine  powder,  such  m 
lyoopodiuu),  be  mixed  with  tlio  sand,  it  will  not  move 
with  the  sand  to  the  nodal  linea,  but  will  form  little 
heaps  in  the  centre  of  the  vibrating  segments;  and 
these  heaps  will  be  in  a  state  of  violent  agitation,  with 
more  or  less  of  gyratory  movement,  as  long  aa  ths 
plate  is  vibrating.  ThiA  phe- 
nomenon, after  long  battling 
explanation,  wax  shown  by 
Farailnyto  bodue  to  indraughts 
of  air,  and  a!ioen<ling  currvnta, 
brought  about  ky  the  move- 
ments of  the  plate.  In  a  modenWr  ^^ 
IRH  vacuum,  the  lyoopodinm  gcH^  willi  (^Nf 

lUH  to  the  nodal  linco. 

jyjH  VibratUfH  of  a  String. — WHim  •  K 

"jH  produced  from  a  musical  atiing  or  ^^- 

I  ^1  vibrations  arc  often  of  safficitot 

'■  to  be  detected  by  the  eye.    The  Ha^i 

IH  AiKumoitlioappeanuKet^aai 

!■  (Fig.  6»5). 

^H  Vibration  o/lheAir. — The  noo 

^H  may  sometimes  be  air,  as  in  the  ea« 

^^1  pipes,  which  we  shall  dceeribe  in  » 1 

ter.     It  is  easy  to  show  by  eiperimmt  M 
when  a  pipe  t>j>r4ub,  the  air  wiltiin  it  li  v 
ing.     Let  one  sidfl  of  th«  tabo  be  at , 
and  let  a  amall  toembran*  m,  strBtdtadl 
a  frame,  be  strewed  with  aanii  ami 
into  the  |Mpe:    The  sand  will  bo  thiovsM 
violent  agitation,  and  the  rattling  of  the  gnuns.  as  they  faO  kack  • 
the  membrane,  ts  loud  enough  to  be  diatiuetly  beard. 
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it,  s  protabcraoce  is  iiutotitly  fonii«<l  by  diUtatiuo,  and  tim  tn»  i 
thrown  up.    U  Uion  eoniua  in  contact  witli  auotber  portion  aI  Ihi 


r^.  m— TTiiwIjnii  lOiwriawBt 


lead,  where  the  soino  phenomenon  is  rejieotod  while  the  fiol  )Mft 
coola.  By  alternate  contacts  and  repulskma  at  the  two  potol^A* 
shovel  is  kept  in  a  continual  state  of  oscillation,  and  \h»  nf^ 
succession  of  taps  produces  the  sound. 

Th«  vxpci'iincnt  is  more  usually  ]HTfunnoil  iriUi  a  xpccial  aM 
[D«nt  invented  by  TrerclTaa.  and  called  a  rodier.  whidi,  atokM| 
heated  and  laid  upon  a  Uock  of  laad,rocka  rapitlly  Eron  odoHafc 
and  yields  a  loud  note. 

8Cr7.  Oistinctiva  Cbaneter  of  Knsical  Sonad. — U  b  Dot 
draw  a  i>hai-p  line  of  dviiiarcation  Wtwoon  mitaical  aoitnd  aal 
noise    The  name  of  noiwe  is  usually  given  to  any  BOiiDd  wluek 
UDBuited  to  the  rciiuirements  of  niiuic. 

Tl)i^  tiiitltnees  uay  atise  from  one  or  Um  ottwr  of  tin  i^ 
EiUu^r, 

1.  The  sound  may  be  unplea^uint  from  ooatMning  (UsBaxfatda 
ments  which  Jar  with  one  another,  as  when  scTorml  ODoaatBtifi  h^ 
on  a  [liaiio  are  t>ut  down  together.     Or, 

2.  U  uiay  consist  of  a  confused  auoce«ioti  of  sonods.  liw 
betQg  so  rapid  that  tlie  ear  is  unable  to  identify  uaj 
llua  kind  of  noise  may  be  illtistimted  by  fdiding  tba 
violin-string,  while  the  bow  ia  applied. 

All  sounds  may  be  resolved  into  coinblnatiooa  ct  wleamtmj 
cal  bones  occurring  siniultoncously  and  in  suonaaioa 
study  of  musical  soun<ls  must  ovoessarily  fomi  tlie  hasiaaf 

Ev«ry  sound  which  is  reoogiuiwd  aa  musival  ts 
what  may  be  called  smooihneas,  evannen,  or  PBgnlarity; 
pbyaical  cau-sc  of  tliis  regulaiity  is  to  bo  found  in  tba 
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Hi}/  of  ti>e  vilinUory  tnov<-tn«ntA  whidi  produoo  th«  sound 
By  periodiciti/  we  mean  Die  recutroiiuo  of  jirccoscly  (tiuiilar  stotos  at 
wqpai  ialenah  of  time,  eo  tltat  th«  movemoibi  exactly  repeat  tham- 
■aires;  and  tbe  time  which  elapaes  between  two  sucoesiiive  recur- 
OMM  of  Ute  same  state  is  called  tbe  period  of  tbe  movements. 
I^^pctically,  musical  and  unmusical  soimils  often  sliade  insensibly 
tttoone another.  The  toneeof  every  musical  imsLrumeat  aru  iwoom- 
<|aiued  by  more  or  less  of  unmusical  noisu.  Hie  kouimI)!  of  bclla  and 
■dfUios  have  a  sort  of  intvnnitliate  cli»nu;t«ir;  and  tbo  ooofiwed  •»• 
MftmbU^  of  sotmdji  wbidi  is  heard  in  tbe  strectA  of  a  city  blemlfi  at 
s  distance  into  on  a^^rooahle  hum. 

668.  Vebiele  of  Sound. — llie  origin  of  sound  is  always  to  be  found 
ibi  the  vibratory  movement  of  a  sonorous  body;  but  the«e  vibratoty 
InwvanuQtA  cannot  bring  altout  the  sensation  of  hearing  unless  there 
medium  to  ti^nsmit  them  to  the  auditory  apparatus.  This 
nay  ho  either  solid,  liquid,  or  gaseous,  but  it  is  nvceeaary 
.  it  be  ehwtic.  A  iMxly  vibrating  in  an  absolute  vacuum,  or  in  a 
Ijuu  utterly  dmOitute  of  vlaslicity, 
tail  to  oxcito  our  scnsaiions  oC 
ring.  TfiU  assertion  is  justilied  by 
following  experiments: — 
Under  Ute  teoeiver  of  an  air-pump 
'  plnoad  a  clock -work  armngemont  Cor 
litcing  a  numliuT  of  t.lroki.-4  on  a  WU. 
is  plflonl  on  a  thick  eujdiJun  of  felt, 
other  Inelastic  material,  ami  the  air 
in  the  receiver  is  exhsiLitMl  as  oom- 
sly  as  poflsible.  If  tbe  clock-work 
I  started  hy  meana  of  thi;  handlu 
Itammer  will  he  seen  to  strike  the 
,  hut  Um  Hound  will  be  scarcely  auil- 
If  hydrogen  1*  intnMluced  into 
vaeuuro,  and  the  receiver  be  again 
,  the  sound  will  he  much  more 
ily  extinguished,  being  heaixl 
dilRciilty  even  when  the  ear  U 
in  oootact  with  Uie  receiver.  Ueuoa  it  may  fairly  bu  oon- 
that  if  the  receiver  could  be  perfectly  •xhanstod,  and  a  per- 
invlaitiic  support  could  be  found  tor  the  bell,  no  sound  at  all 
Jd  be  emitted. 
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2.  The  experiment  may  liv  vnricd  by  u-iing  a  glui  glolK, 
with  a  stop-cock,  nml  having  a  little  bell  suspended  witbia  it 
thrvtul.  If  tlic  globe  is  exhausted  of  air,  the  Aound  of  the  bell  ril 
be  scarcely  audible.  The  globe  tDay  be  iilkd 
any  kind  of  gas,  or  with  vapour  either  satunttJ  « 
ntHi-saturated,  and  it  will  thus  be  Eoand  tiut  iS 
tliese  bodies  transmit  Hound, 

Sound  is  also  transmitted  through  liquirLmi  ni 
easily  be  proved  by  direct  exjM-rinient.  Exp«n»A 
however,  is  scarcely  neceaaarf  for  tlia  estahlUairi 
of  Oie  fact,  seeing  that  fishea  are  provided  urtA 
tor}'  a{)paratu»,  and  have  often  an  wutc  Mwtf 
hearing. 

As  to  solids,  some  well-known  facta  prove  that  thc-y  inn^* 
sound  very  perfectly.  Fur  example,  tight  tape  witJi  tho  brvdcfl 
pin  on  one  end  of  a  wooden  beam,  are  distinctly  beard  bj  >  f*^ 
with  hi^  car  applied  to  Uie  otlier  end,  tliough  they  canaot  bhiri 
at  the  fl&nie  distance  through  the  air.  This  ptx>perty  b  aoMlliM 
employed  as  a  test  of  the  soundness  of  a  beam,  for  Ui«  txpantM 
will  not  succeed  if  tlie  intervening  wood  is  rott«n,  roltoi  wtd 
Luing  very  inelastic 

The  $t€tho8Copf  is  an  example  of  t)ie  transmission  of  soond  Ika^ 
solids.  It  ii<  a  n'lindur  of  wooil,  with  an  enlargement  at  «*A*i 
and  a  perforation  in  it»  axi8.  One  end  in  prea-ued  agaiDM  t&tdhM 
of  tlie  patient,  while  the  observer  applies  his  ear  to  tlie  othct  H* 
is  thus  enabled  to  hear  the  sounds  produced  by  varimt  iatm^ 
actions,  sueli  as  the  beating  of  the  heart  and  tho  paange  of  tl»^ 
through  the  tubes  of  the  lungs.  Even  simple  aiut^ilt.jtiun,  in  «M 
the  ear  Ls  applied  directly  to  Uio  surface  of  the  body,  lafiw^ 
transmisaion  of  sound  Uirough  the  walls  of  the  cheat. 

By  applying  the  ear  to  the  groond,  remote  sounds  can  oftn  W  miA 
more  distinctly  heai-d;  and  it  is  stated  that  sava^s  can  in  tkb  ay 
obtain  much  information  respecting  approaching  bodie*  of 

We  are  entitled  then  to  assvrl  that  aonnd.  <u  if  t^0tctt  <mr 
of  hearing,  is  an  efecl  tcAwA  M  propagatfd,  front  a  vibrathg  !«♦ 
throvgh  an  ffaslic  and  p<md<rahle  tn«fi«m. 

869.  Mode  of  PropafaUon  of  Soand.— We  will  now  csdianv  » 
explain  the  action  by  which  sound  is  propagated. 

Lvt  there  be  a  plate  a  vibrating  oppoette  the  end  of  a  kof  tsk 
and  let  us  consider  what  happens  during  the  jiassage  of  tb«  pMi 
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frnm  itn  most  backward  pofiition  a',  to  its  most  advanced  poeition  a'. 

Tbia  movement  of  the  plate  may  be  dirided  in  imaginAtion  into  a 

'Oimberof  micooMivo  parU,  each  of  which  is  cotntn untested  to  tlio 

Iqrer  of  air  cluw  in  fnmt  of  it,  which  is  thus  oomprMM><l,  and.  in  ita 


III.  tn.— ?Mp*tt>i '  II      "<'"!- 

ivour  to  r«(Over  from  this  oomprewuon,  reacU  upon  the  next 
r,  whid)  is  thus  in  its  turn  coinpreBsed.  The  oompresaioD  in  tlius 
on  from  Uiyer  to  layer  through  the  whole  tube,  much  in  tlie 
way  tut.  when  a  number  of  ivor^-  balls  arc  laid  in  a  row,  if  tlie 
rcccivca  an  impulse  which  drives  itagainrt  tlie*econd,«ach  b«ll 
.  atrikc  a^iatt  it«  ftuoceanor  and  be  brought  to  reai. 
se  comprcsaiou  in  tlius  pused  on  from  layer  to  layer  through  the 
,  and  is  suoceoded  by  a  rarefaction  corrcapondtng  to  the  back* 
movement  of  the  plalu  from  a'  to  a'.  As  the  plat«  goca  00 
rating,  these  comprt>S)uon«  and  rsrofoctionH  continue  to  be  propa- 
Uirough  the  tube  in  alternate  Mioceaaion.  The  greatest  oom- 
ilon  til  the  Uyer  immediately  in  front  of  the  plat«,  occura  when 
plate  h  at  its  middle  position  in  ite  forward  movement,  and  llie 
st  nvrefaction  occui^  when  it  ia  in  the  same  ponition  in  its 
movement.  These  are  also  the  instants  at  which  the  plate 
it^  mofit  rapidly.'  AVhen  the  plate  in  in  iU  m<Mt  advanced 
1,  tlio  layer  of  air  next  to  it,  A  (Fig.  COS)  will  bo  in  ita  natu- 
t51  Ktnte,  and  anotlu-r  tayrr  at  A,, 
liftlf  a  wave-lrtigth  further  on,  will 
■bo  be  in  ita  natural  Ktate,  tlie  pulse 
'.:  travelled  from  A  to  A„  while 
-.:  ,  ^ate  was  iroving  from  a'  to  a. 
JA  intervening  points  between  A 
tUtd  A,,  the  InycFN  will  lutve  varinuti  amounts  »f  eompreasion  eorre- 
IMntding  to  Uio  ditTt-rflnt  positions  of  the  plate  in  its  forward  movc- 
■WoL  Tlie  greatest  oomprcestoa  is  at  C, «  quarter  of  a  wave-length 
In  advanee  of  A,  having  travelled  over  thtH  distance  while  the  plat« 
advancing  from  a  to  a'.  The  compreKsions  at  D  and  U,  ropre* 
■  Sm  I  870,  klM  Neil  A  >t  tlic  and  ol  OJa  ahifUt. 


.^4=4=4-..- 
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sent  thnse  n'bicli  exiatei!  imnxHliately  in  front  of  Ui«  plate  «1 
ba4  advanced  respectively  one-£ourth  and  Uire«-foi)rtba  of 
tanoe  from  a'  to  a\  and  the  curve  A  C  A|  is  the  graplaic&l 
tAtion  both  of  conilensation  and  vulocitj  for  all  ptunts  id  tlw  (id 
between  A  uikI  A,. 

If  tlie  platv  ix'a.'icd  vibrating,  tlie  condition  of  tltinga  now  i 
in  the  portJon  of  air  A  A,  would  be  transferred  to  soeccMiTa  | 
of  air  in  the  tube,  and  the  curve  A  CA,  would,  as  it  mm,  i 
onward  through  the  tube  with  the  velocity  of  sound,  wliich  is  aiwi  I 
1100  fect  per  Hocond.     But  tlio  plat«,  instead  of  rcmainini^ 
cntly  at  a',  cxccut4»  a  bockwanl  inovootent,  and  produooa  lanfiitiwl 
and  retrograde  velocities,  which  are  propagated  oawr«rda  In  the  i 
manner  as  the  condensations  and  forward  velocitiea.     A 
wave  of  the  undulation  is  accordingly  represented   by  l^  an  i 
A  E'A,  C A,  (Fig.  003),  the  portions  of  tlte  curve  below  the  liat^J 


ntodSBU  being  intended  to  reproscnt  rarefactions  and  retrogiadei 
cities.  If  wo  suppottc  the  vibrating  p!at«  to  be  rigidly 
with  a  piston  whidi  works  air-tight  in  tlie  tube,  the  relodtki  Jit] 
partidee  of  air  in  the  different  pointa  of  a  wave-lifugth  will  U  iJ 
tical  with  the  velocities  of  the  piatun  at  the  difiianoL  parit  d  A  I 
motion. 

The  wavedcngth  A  A,  is  Utc  distance  that  the  puLw  Km  banU  j 
whUo  the  \ibrating  plate  wn.s  moving  from  its  most  backwari  Isk  i 
most  advanced  position,  ntid  l>nck  again.     During  this  tt^  «W  { 
ia  called  the  pei-iod  of  the  vibrations,  each  particle  of  air  goes  1 
its  complete  c}'cle  of  clianges,  both  aa  regards  moUon  and  iu^  1 
The  period  of  vibration  of  any  particle  is  tbos  idaatienl  vdllt  tbt'  j 
the  vibrating  plat«,  and  is  tlio  same  as  the  tinu  occupied  hjit 
waves  in  travelling  a  wavclungtli.     Thu-t,  if  the  plata  ba  oDs  h$d 
a  oonunon  A  tuiiing-forit.  making  435  complete  vibrati«w  pvi 
tlie  period  will  be  r)  ^  of  a  second,  and  tho  undulatioii  v^  tnrdB 
this  time  &  distance  of  V^  f«et,  or  2  feet  0  itidies,  vlitdi  !■  lb»  I 
fore  the  wavo-lcngth  in  air  for  this  note.     II  th*  plat*  oMtJa^l* 
vibrate  in  a  uniform  manner,  there  will  be  a  coutinuol  Mcia  i'  >^ 
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mod  aJniUv  wav««  ruiiriinif  along  tlio  tuW  wiUi  tlic  velocity  of  aound. 
iuck  &  aacoetwioti  of  wavea  cutuitilutMi  an  uadulatiun.  Each  ware 
of  a  condensed  portion,  and  a  rar«fl«d  portion,  which  are 
bed  from  each  othor  in  Fig.  601  by  difri;rvnt  tints,  the 
shadinjEC  being  int«nde<)  to  rcproMot  oondciuiitiua. 
870.  HatDre  of  Uadalations. — The  pOMibility  of  caodenaationa 
nix-factions  being  propagated  continually  in  onv  direction,  while 
particle  of  air  Bimply  moves  backwards  and  fonvarda  about  tbt 
pOHitiou,  is  UluHtia.tf:d  by  Fig.  CO-i.  which  reproMota,  In  rui 
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form.  Uie  fluoeesHive  phases  of  an  undutatioD  propagatud 

7  particlflfl  A  BODE  Fa  originally  oijuidiBtAiil,  tho  dii*- 

•  from  tlie  ^rat  to  the  lost  beiti;:  ono  wave-length  of  the  undula- 

The  diagnm  is  composed  of  thirt«OD  lioriiumtAl  rows,  tb«  6rat 

last  Wing  precisely  alike,     llitt  suoceasive  rowa  represent  the 

of  tlie  partidoa  at  Hurcc(«ive  times,  the  interval  of  time 

eh  row  to  lh«  n«xt  being  -^^  of  the  period  of  the  lui- 

lie  Snt  row  A  and  u  are  centres  of  coodensatioo,  and  D  is  a 
\  of  rarefaction.  In  Uie  third  row  B  is  a  centre  of  oondensa- 
B,  and  E  a  centre  of  ran^fncUon.  In  the  fifth  row  the  con- 
uation  and  mitfaciion  havu  advanced  by  on«  more  letter,  anl 
on  Uirougli  the  whole  series,  tlie  initial  atate  of   things  being 
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reproduced  wlir.-n  cocli  of  Uicsc  centres  has  advanced 
wave-length,  so  that  the  thirteenth  row  in  Tn«r«Iy  a 
Uie  Hrst. 

Tlie  vetocitit^  of  Uie  particles  can  b«  estimated  hy  tb«  GODi|«riMS  I 
of  siicc«8aive  rows.  It  h  thua  seen  that  the  greatest  forward  i 
is  at  the  centres  of  condensation,  and  the  greatest  backward ' 
at  the  centres  of  rarefaction.  Each  particle  ban  ita  gruatoi ' 
tjea,  and  grcatettt  condensation  and  rarefaction,  in  paasing 
its  mean  position,  and  comc-^  for  au  instant  to  rest  m  its  positkntf  1 
greatest  diaplftcemeni,  whieh  are  also  positions  of  mean  dmai^. 

The  distance  betvroon  A  and  a  rcmsinii  invariable,  hoiaig  >l*il>  J 
«  wave-length,  an<l  tliesc  two  partides  always  agrM  In 
Any  other  two  parUcles  represented  in  the  diagram  arc  al«a;*a^ 
ilitfc-n-nt  phases,  and  the  phases  of  A  and  D,  or  B  and  E,  nr  C  i 
are  always  opposite;  for  example,  when  vV  is  moving  forvirdil 
the  maximum  velocity.  D  is  moving  backwards  with  tlw  m 
velocity. 

The  vibrations  of  the  particle«.  in  an  undulation  of  thii  Idnii 
called  longitudinal;  and  it  is  by  »uch  vibnvtiona  that  eou&d  b|» 
pognted  tlirough  air.     Fig.  G05  illustrates  the  manner  in  «! 
undulation  maj  be  propagated  by  means  of  tntnsvrrtt  n 
that  is  to  say,  by  vibratjons  executed  in  a  direction  perpead 
that  in  which  the  undulation  advances.     Thirteen  [lartidai  Al 
EFOUIJK  fjaare  represented  in  tlic  positions  which  \hej  i 
at  sucoeastve  times,  whcse  interval  ]»  one-sixth  of  a  period 
instant  firet  considered,  I>  and  J  arc  the  panicles  whidi  nn  t\ 
Jbplaccil.     At  the  end  of  the  first  interval,  the  wave  Itatadv 
two  letters,  so  that  K  and  L  are  now  the  furthest  ditipber»L 
end  of  tlie  next  interval,  the  wave  has  ad\-ano(>d  two  lutt«a  I 
and  HO  on,  the  state  of  things  at  the  cud  of  ibe  aix  iDtamlhl 
one  complete  period,  being  the  same  aa  at  tlu  begianiBi.  Ml 
the  seventh  line  is  merely  a  repetition  of  the  first.     Somr  i 
of  this  kind  of  wave-motion  will  Iw  mentioned  in  later  i 

871.  PropagatioD  in  as  Opes  Spaee. — When  a  iiotMroat 
anoe  occurs  in  the  midst  of  an  open  body  of  air.  the  tinds 
which  it  gives  rise  run  out  in  all  dirvctiona  from  the  •ouiw. 
disturbance  is  qnumetrical  about  a  centre,  iho  waves  wjU  beipfa^ 
cal;  hut  this  case  is  exceptional.    A  disturljonce  oeuafly ; 
condensation  on  one  side,  at  tliu  some  inatjuit  that  it  prodooai  i 
CacUon  en  anotlior.    This  is  tlie  case,  for  example,  witfa  a  R^ 
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,  liiiot,  wlit'n  it  is  moving  towards  one  side,  tt  is  moving;  awaj 
the  other.  These  inequalitioa  which  exist  in  Die  ncighl>our- 
tjl  the  aoDoroua  body,  have,  however,  a  tendency  to  hecoin«  low 

rk«d.  and  ultimately  to  disappoAr.  as  the  dtiitat>c«  ia  increased. 

;.  606  T«pn»oiit»adinii)<;tral  section  of  a  aeriea  of  spherical  navoa. 

Bir  modo  of  propagation  has  some  analogy  to  tliat  of  the  circular 
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IvtB  produced  on  water  by  dropping  a  stono  Into  it;  but  tlie  par- 
Jm  which  form  the  waves  of  wat«r  rise  and  fall,  whereas  thmw 
form  iwnurous  wave«  merely  advance  and  retreat,  their  lines 
>n  Itviag  always  coincident  with  the  directions  along  which 
I  sound  tnveU.  In  buth  coacs  it  U  important  to  remark  tlutt  lAe 
tdululum  don  not  involve  a  mowmml  of  tj-ane/ereTtoe.  Thus, 
brfaeo  tlie  surface  of  a  liquid  ut  travenod  by  waves,  bodies  floating 
it  rise  and  fall,  bat  are  not  carriud  ouwanl.  This  property  b 
iractoristic  of  undulations  generally.  An  imdvlallon  may  bt 
Mtd  <u  a  m/ttem  of  mowiwnU  «n  wAuA  ih*  Mwrnl  jxiriide*  mow 
Mwi  fn>,  or  rvunU  and  nwtuj,  ahout  d^nUiO  pointe,  in  sucA  u 


1 

masB.  and  ihoir  movcmeDts  *re  preciMly  alike 

they  are  interfered  with  l>j'  friction.     Ht-iiee  «• 

^^^      Uirotigh  tubes  to  great  dts^tancea  witli  Im^^ 

^^^^k    espt'citUly  if  th«  tubee  ue  lai^ge.*            ^^^H 
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log  of  wood  U  liuurd  «t  tliu  f«r  «iiil,  Uio  subetance  of  th«  log 
like  ilie  body  of  air  witbio  »  tube. 

aa  open  Rpa4»,  Mcb  suocetisive  layer  has  to  impart  its  own 
iitioa  to  a  larger  layer;  hotice  there  is  a  continual  diiuiniition  of 
aile  in  tb«  vibrations  aa  the  distance  from  the  source  iacreases. 
invoh'Gs  a  continual  decreaso  of  Ioudn«ts8.  An  undulation 
]vc8  Oig  onward  tranaferuncu  of  vuer^;  and  tbtt  amount  of 
wbicti  traveiMw,  iu  unit  time,  any  clu««d  surface  dvtwribod 
it  tbfl  »ourc«,  must  bv  etiual  to  tlie  onvrgy  which  tJio  oouroo 
in  unit  tine.  Hence,  by  the  reaaooing  wliich  we  (Muplqyw) 
lie  owe  of  radiant  heat  (§  4C5),  it  follows  that  Ute  intend^ 
energy  diminishes   according   to   the   taw  of  inverse 

of  a  partido  ox«cuting  simple  vibrationfl  in  obedienm 
of  claeticity,  varius  a.-s  thu  squaru  of  the  amplitude  of  its 
nions;  for,  it  the  amplitude  be  doubled,  the  diiitanoo  worked 
ngli.  ani]  the  mean  working  focoo,  uo  botli  doublnl.  and  thus 
work  which  the  elaatic  forces  do  during  the  movomeut  from 
K  cxtreiue  position  to  tlie  centre  is  quadrupled.  This  work  is 
tl  to  the  energy  of  the  particle  in  any  part  of  its  course.  At  tlM 
IBft  positions  it  'u>  all  iu  thu  sliapu  of  potential  energy;  in  tlie 
lb  pontion  it  is  all  in  the  shape  of  kinetic  energy ;  and  at 
rnlc<•liab^  points  it  lit  partly  in  one  of  tlieae  fomui,  and  partly  in 
titer. 

no  bo  shown  that  exactly  half  the  energy  o(  a  oomptotv  wave 
letia  the  other  Italf  being  potential. 

DissipBtion  of  Senorons  Energy. — The  reasoning  by  which  we 

vodcAvourcd  to  eetablish  the  taw  of  inverse  squares,  ssauinee 

onwar<l  propagation  involves  no  loss  of  sonorous  energy.     Tbis 

ptiun  is  not  rigorounly  true,  inasmuch  an  vibfation  implies 

.,  and  friction  implies  the  generatNo  of  heat,  at  tlie  exponM 

«oet^  whidt  produces  the  vibrations.    Sonorous  eooi|Qr  Duui 

diminish  with  distance  somewhat  more  rapidly  than  acoord- 

the  taw  of  inverse  squares.     All  sound,  in  U«oining  extinct. 

converted  into  heat 

convctsion   is  greatly  promoted    by  defect  of  homogeneity 

iQcdium  of  propagatioQ.      In  a  fog,  or  a  mow-storm,  the 

or  sc^d  particles  prMent   in  the  air  produce  innumerable 

in  each  of  which  a  little  sonorous  energy  is  converted 

lloat 


'  Tri«r¥y~experinients  of  this  kind  Uiat  the  t 
has  been  most  accurately  det«rmined.  Amon^ 
tions  may  bo  meationod  that  of  Lacatlle,  »xu 
commission  nppoiuted  by  tlie  Frcncli  Acadi 
Arngo,  Buu^md,  aud  otiicr  tncnibeis  of  the  ] 
in  1S22;  aiid  that  of  MoU,  VatiUelc.  and  Ktiyti 
in  tliu  i^aine  year.  All  these  detenninaUons  w 
cannon  at  two  stations,  sevenJ  miles  distaut 
noting,  at  each  station,  the  interval  between 
lioorlng  the  sound  of  the  guns  fired  at  the  oth< 
only  at  one  station,  tbo  dutcnnination  would  b 
of  wind  blowing  citlu-r  with  or  ogaiuat  tho  «c 
thi»  cause  is  nearly  eliminated  by  firing  the  g 
two  stations,  and  still  more  completely  by  firing 
Thij  last  plan  was  adopted  by  the  Dutch  obs 
the  two  etationa  in  tboir  caso  being  about  nint 
quite  recently  repeated  tlie  investigation,  tak 
important  aid  atTordcd  by  modern  ek-clricul  n 
the  times  of  observed  phenomena.  All  the  tn 
tion.t  agree  very  cloeely  among  thetusdves,  an 
city  of  sound  through  lur  at  0*  C  tB  aboat  S3 
per  second.'  The  velocity  increases  with  ti: 
proportional  to  the  aguare  j-oot  of  the  abaotui 
tli^itnonuier  (§  325).     If  t  denote  the 


leordj^g 


TKUx;rrT  or  sound  in  aiu. 
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B,  and  ■  the  coefficient  of  expanaioD  00366,  the  velocity  of  MunJ 
iigh  Kir  Rt  any  t«niperftture  »  given  by  the  fonnula 

SS9  V^  +  <■'  ■>  Drtrai  jwr  mcoiuI,  oi 

Tlie  actual  relocity  of  sotmd  from  place  to  plaoe  on  the  earth's  iiur- 

is  found  by  oompounding  this  velocity  with  the  veloci^  of  the 

rind. 

Then^  id  mme  reuoD,  both  from  thvory  and  cxperimoot,  for  bo- 

Bving  tliat  my  loud  sounds  travel  rather  fa»t«r  than  «ound»  of 

Jerate  int«naity. 

874.  ThMiratioal  Computation  of  Telocity. — Hy  applying  tlie  prin- 
I  of  dynamics  to  the  propagation  of  undulatiomi,'  it  is  computed 
I  tbe  velocity  of  sound  through  air  must  be  given  by  the  fonnula 
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rdanoting  the  density  of  the  air,  and  E  its  coefficient  of  elasticity, 
I  UMtntrwl  by  the  quotient  of  pressure  applied  by  ooniprowion 

Ineed. 

hot  P  danot«  the  pn»sure  of  the  air  in  unita  of  foroc  per  unit  of 
thrn,  if  the  tcmpcruture  Ive  kept  constant  during  comprcssioa. 
i  Itnall  additional  preesure  p  will,  by  Boyle's  law,  pru<luc«  a  ootn- 

sion  equal  to  j",,  ant'  the  value  of  K,  being  the  quotient  of  p  by 

.  quantity,  will  be  itimply  P. 
On  the  other  hand,  if  no  heat  is  altowi-d  either  to  ent«r  or  escape, 
I  temperature  of  the  air  will  be  tai»nl  by  compressioD,  and  addi- 
rtwiaUnoo  will  thtu  bo  cnoountered.     In  ihia  com,  as  shown 
§  500.  the  coeilicicnt  of  elasticity  will  be  PI-,  J;  denoting  the 
of  the  two  Hpecific  hvats,  which  for  air  and  umple  gasoa  h 
at  1  41 
I  thus  appears  that  the  velocity  of  sound  in  air  cannot  be  less  than 

•^  nor  greater  than  ,y/l'41  ^.    Ita  actual  velocity,  as  determined 

oW-rvation,  is  identical,  or  [iractically  identical,  with  the  latter 

^QM  limiting  valucN,    Hence  wu  must  infer  that  the  compressions 

I-  axicorions  which  the  particles  of  air  undergo  tn  tnuumitting 

tui  are  of  too  brief  duration  (o  allow  of  any  sensible  trnnsferenoo 

nt  from  particle  to  particle. 

lix  conclusion  is  conHnncd  by  another  argument  due  to  ProCeaaor 
>  Sm  nola  II  M  th«  (Oil  o(  lht>  ohafitat. 
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Stokes.    If  the  ineqiulities  of  temperature  doe  to  oompwtai 

expansion  were  to  ttay  Beosible  de^jree  smoothed  down  by  eonAliiw 
and  radiation,  this  stnoothing  down  would  diminitih  the  anwont  <J 
energy  avulabic  for  wave-propagatiuo,  and  would  load  to  a  fallof 
off  in  int^snKity  inoomponblj-  morv  raptil  Uian  that  doc  bo  Um  kt 
of  inverse  squares. 

875.  Nnmerical  Caloulatioa. — The  following  i»  Otc  actual  pnemd 
calculation  for  perfectly  liry  air  al  0"  C,  the  ceiitiiiuttre,  gnnaaf.mi 
second  being  taken  as  the  units  of  length,  maaa,  and  time. 

The  (lenuty  of  dry  air  at  0",  under  the  pressure  of  1033  gma^ 
]icr  tsquarc  ocntimctn;,  at  Paris.  U  -OOIZOS  of  a  gramme  per  OBlit 
ecntinietre.  But  the  ^nvitating  force  of  a  gramme  at  Puii  •  U 
dynes  (§  !)]).  The  density  -001303  tliervforc  coneapoDdt  tPl 
pressure  of  1033  x  981  dynes  per  sq.  cm.;  and  the  ttxprasion  lor  it 
^-elocity  in  centimetres  per  second  is 

that  is,  3.12-!i  metres  per  second,  or  1093  feet  j>>-r  wcort'l 
87S.  Effects  of  Pressure,  Temperataie,  and  Moisture. — Thp  r<Jta9 

(>f  sound  is  independent  of  the  height  of  the  barometer,  sinaa  (te|l 

of  this  element  (at  constant  temperature)  affect  P  and  D  in  Ibt  ^ 

direction,  and  to  the  some  extent 

For  a  given  density,  if  P,  denote  tlie  preeaure  at  0*.  and  ■  d«» 

efficient  of  expansion  of  air,  the  prcasuru  at  f  Centigrade  is  V,  {I  iH 

the  value  of  a  being  about  ^. 

Hence,  if  the  velocity  at  0*  lie  1090  feet  per  araoiid,  tb*  till4 

at  t"  will  be  1090  ^l  +  ^.    At  the  tompantun  SO*  F.  or  KTC 

which  is  approximately  the  mean  annual  temperature  of  thi*  i 
the  value  of  this  expression  is  about  1110,  and  at  StT  F.  or ! 
is  about  1148.    The  increase  of  velocity  is  thus  about  a  (MtJ 
isccond  for  each  degree  FalirvnhciL 

The  humidity  of  air  ha»  some  inBuenc*  on  the  velocity  of 
inasmuch  a«  aqueous  vapoar  ts  lighter  than  air;  bat  tlw 
comparatively  trifling,  at  least  in  temperate  climates.    At  tlitl 
perature  50°  F.,  air  saturated  vrith  moisture  is  leaa  dn 
air  by  about  1  part  in  220.  and  the  consequent  tncrcaM  of 
cannot  be  greater  than  about  1  part  in  440,  which  will  bt 
2  and  3  fe«t  per  second.    The  increase  sbonld,  in  fact,  be  i 
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low  than  Uiis.  inAsmncli  astlio  value  uf  k  (tlio  ratio  of  Uie  twospodfle 
liaabi)  appears  to  W  ijiily  131  for  aqueous  vapour,' 

877.  KowUin'8  Theory,  and  Laplace's  Hodifleatioii. — Tho  earlicat 
ItMorotieal  inroitligatioD  of  tlic  velocity  of  noutnl  wan  tliat  given  by 
Tl««too  m  Uto  Prineijna  (book  2,  section  8).  It  proceeds  on  the 
lAcit  BMiutiption  tliat  no  changes  of  teiupemtare  are  produced  by 
the  ootnpreBsions  and  ext«mion!i  whieh  enter  into  thv  oonstitution 
of  A  sonorous  undulation;  and  the  cwult  ohtnine'l  hy  Newton  is 
«quivalont  to  thi)  fonuula 

sbce  (§  210)  f,=!;H,  where  H  denotes  tlio  tieight  of  a  famo' 

atrmMfltert,  anil  tlie  v4>lo<.-ity  ac'|uir«4l  in  falling  Uirough 

bcight  »  \»  V  S(/s,  tho  velocity  of  MOund  in  air  is,  according  to 

)<*wton,  the  name  an  Ote  vdocity  uAicA  wovid  be  aequArtd  l^ftUlinft 

vacvo  through  half  the  hetgld  of  a  fiomogtitfou*  atmotphen, 

hb,  in  fact,  in  tlio  form  in  which  Newton  states  hb  reealt.* 

Newton  himself  was  quite  aware  that  the  value  thus  computed 

ieorclically  was  too  small,  and  ho  throws  out  a  conjecture  as  to  tht! 

man  of  the  diocrepancy;  but  tlie  true  cause  was  Hrst  pointed  out 

Laplace,  as  dependin;;  upon  increase  of  temperature  produced  by 

sion,  and  ducreaae  of  temperature  produced  by  expansion. 

878.  Teloeity  in  Oaaea  generally. — The  same  principles  which 
to  air  apply  to  gases  generally;  and  since  for  all  simple  gaaoa 

ratio  of  the  two  specific  heata  is  1'41,  tho  velocity  of  sound  in 

'  simple  gas  is  v/^'^^  i>-  ^  denotiog  ita  aV«olut«  density  at  the 

I  P.  Comparing  two  gases  at  the  same  preasure,  we  see  that 
I  Telodties  of  sound  in  them  wrill  be  invenaly  as  the  square  roots 
their  aUolute  denudes;  and  this  will  be  true  whetlier  iJie  tera- 
ftturos  of  the  two  gaE«^s  are  tlic  5Amo  or  different. 

879.  Teloeity  of  Soand  in  Liqntds. — The  velocity  of  sound   in 
was  inuMurol  by  Colladon.  in  1SS6,  at  the  LaIco  of  Oonova. 

boats  were  moored  at  a  distance  of  1S.500  metres  (between  8 

,  9  milee).    One  of  thvni  carried  a  bell,  weighing  about  140  lbs., 

in  tl>e  lake,    Ito  hammer  was  moved  by  an  external  lever, 

as  to  ignite  a  small  quantity  of  gunpowder  at  the  inat«nt 

[SUaUn*  oi  Um  Stmm  Kagiar.  |l  S30. 
f«*tM'»  IntMUsMUsN  nUlM  MI7  to  timflt  warn ;  but  It  thatt  b*n  all  tk«  mum 
tjr  (m  KtoUn  •kovt),  ikb  mut  dMb«lb«*gIn(4tja(  tlMMM|<t*i  *ai««tidi  ihvf 
Rim*  Uin  iwOlWlidi  la  nnly  »ffna^nt. 
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oi  striking  the  hell.  An  observer  in  tliQ  other  html  wu  tniUod  to 
hdu-  th«  sound  by  applying  his  car  to  tli«  extnmilj  of  a  tnunfxt- 
shaped  tube  (Fig.  607),  having  its  lower  end  covered  with  a 

braae  and  facing  towards  the  directkn  fnn 
which  the  soond  proceeded.  By  noting  the  » 
.  terval  between  seeing  the  flaah  and  bearing  ^ 
^ountl.  the  velocity  with  which  tli(<  ^ound  tn 
veiled  through  Uio  water  was  dttvnnincd  tW 
velocity  thus  oomputod  waa  1435  tatirm  pr 
sfcond,  and  the  tvnipomtuni  of  the  water  w 
a "l  C. 

Fonnula  (1)  of  §  874  holda  for  liauida  aa  vi 

as  for  gaaeA. 

The  resistance  of  wat«r  to  compreffiion  is  about  S*!  x  10*  ^w 

per  sq,  cm.,  and  the  correcting  factor  for  the  beat  of  comfrau»,u 

calculated  by  §  o05,  la  I'OOIS,  which  may  be  taken  an  tuittj.  fli 

ilcn;tily  is  aho  unity.     Hvnoe  we  have 

■  =  v/^s  v'<S'l  >«  l«*]  =  Ut>t«  o».  par  Mie, 

that  i.%  about  1440  mctrea  per  second;  «*hich  agrcoH  niffid«nlJj«K 
with  the  experimental  detcrtninalJon. 

Werlheim  has  mcasared  the  vtilocity  of  sound  in  some  Ii^all)} 
an  indii-ect  method,  which  wilt  be  explained  in  a  Utter  dupt«  l> 
linds  it  to  be  IIGO  metres  per  second  in  ether  and  alcohol,  lal  M 
in  a  solution  of  ijdoride  of  calcium. 

880.  Velocity  of  Sound  in  Sollda.— The  velocity  of  miood  iad^ 
iron  wan  determined  by  Biot  an<l  ^Urtiu  by  miiuts  of  ft  esoari 
series  of  water-pipea,  forming  a  conduit  of  a  tot&l  length  of  lB 
metres.  One  end  of  the  conduit  waa  struck  with  a  hanuur.iii* 
observer  at  the  other  end  heard  two  sounds,  the  Hnt  tranimiW^'f 
the  metal,  and  the  Deoond  by  the  air,  the  interval  Iwtwwo  A* 
being  2'5  seconds.  Now  the  time  required  fur  travidliaiz  iiatf 
tance  through  air,  at  the  temperature  of  the  expefimeat  (11*  CK^ 
2'8  seconds.  The  time  of  transmission  throogb  Uie  metal  »u  Ih*' 
foro  '3  of  a  second,  which  is  at  the  rate  of  3170  metrw  per 
It  is,  however,  to  ho  remarked,  that  the  transmitting  body 
a  continuous  mass  of  iron,  but  a  series  of  376  pipes,  eijiiiiwW  ■" 
gether  by  collars  of  lead  aud  tatrcd  cltrth,  which  most  harvoM'' 
erably  delayed  the  traasmlasiuD  of  the  sound.  But  in  i^it* ''  ^ 
the  velocity  is  about  nine  timee  as  great  as  in  mir. 


rsuMtrr  or  soukd  is  souvs. 
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felocit^  of  sound  inanuinberof  HoUd8,vriUi  the  following  reaults, 
velocity  in  air  being  taken  as  the  unit  of  velocity: — 


3->74l« 

I'ltO 

7'asa  to 

71B0 

S<Q9to 

6114 

T-tMu 

8i»7 

»-l«*lt>ll-OO0  1 

11K7 

7-S23  to 

S-147 

6«mI u-ati  to  le-iM 

Iroa, 1&-108 

BfJt, lO-SM 

OUm. ,  l<'MBtol(l7GB 

FUntOlw^.    .    .    .  11«M  to  12^20 

Okk, *-»0Stol3-0S 

Kir. ia-4(    to  I7-M 


681.  ThAontical  Computation. — TheFortnuIa  ^/^  servM f or fiolids 

well  as  for  liquids  and  gases;  but  aa  solids  can  Iw  subjected  to 

ay  ditTeioat  kinds  of  strain,  whereas  liquids  and  goma  can  be 

bjccu-d  to  only  unc,  wo  may  have  different  value«  of  E,  and  djf- 

it  vvlocitiivt  of  transiuission  of  pulses  for  tlic  «amc  soliiL    TliU  is 

even  in  the  em»  of  a  solid  whose  proportiw  are  alike  in  all 

ctions  (called  an  ittotropic  solid) ;  hut  tlio  gn-iit  majority  of  solids 

ver^'  far  from  fulfilling  this  condition,  and  tmiuniit  sound  more 

lly  in  some  directions  than  in  oUieni. 

fWhen  Uio  ttound  is  propagated  by  alternate  oompresstoits  and 

■ions  runoiog  along  a  substaooc  which  is  not  prevent«d  from 

and  contracting  laterally,  the  elasticity  E  becomes  iden- 

I  >  with  Young's  modulus  (§  128).    On  tlic  othor  hand,  if  unifunn 

barical  wavea  of  alternate  compression  and  ext«tision  spread  ouU 

sytumetrically,  from  a  point  in  the  centre  of  an  intinit«  solid, 

.  extension  and  contraction  will  be  prevented  by  the  s^rmmetry 

fill*  action.     The  effective  oUsticity  is,  in  this  case,  greater  than 

^»  modulus,  and  Uk<  vclocily  of  sound  will  bo  inercase<l  aocorj- 

the  table  on  p.  79  the  raluo  of  Young's  mo<Iu1iu  for  copper  la 
I X 10**,  and  by  tlie  table  on  p.  xii.  the  density  ot  copper  is  about 
Henov,  for  the  velocity  of  sound  through  a  copper  rod,  la  ceati- 
I  per  second,  we  have 


'=v/EV^^^=""~-'"- 


metres  per  second, 
ts  about  Il'l  times  the  velocity  in  air. 


I  la  •  Nrjr  mult  oon««tloa  lor  Iwat  tA  riiminii— Inn.  whUt  etn  b«  ftl—lh'— '  bj 
■«1><(|S43.    InUMoMollfo^tiMotinMtinrfMtartathMllOOSL 
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882.  Reflection  of  Sound. — When  sonorotu  waxis  dmH  k 
obntaclij  they  are  reflected,  and  the  two  iwts  of  wavn — ori# 
&nd  the  other  reflected — are  propagated  joat  a»  if  lh»y  caaw  bm 
two  separate  suurcus.     Tf  tlio  rullocting  surfac*  is  plane,  wii«  i 


vcrj^iiig  from  any  centre  O  (Fig.  60S)  in  &ont  of  it  an 
as  to  dlvvrgu  fi-oui  a  centre  (X  »ymmclnonl\y  aituatol  behildM 
an  ear  at  any  point  M  in  front  hears  the  refleetod  aouod  ax  if  it 
from  O'. 

The  direction  fi-um  which  a  sournl  appv&rs  to  tb«  bew  (m  fi 
is  dotermined  hy  the  directton  along  vrluch  th«  soootuaa  jnlwi 
propagated,  and  ib  alwa)-»  noniutl  tu  the  wavoL  A  noniMl  Ha' 
of  eound-wavm  may  therefore  convenientJy  be  callwl  a  nif  id  Mi 

01  is  a  direct  ray.  aod  IH 
eorrespooding  mSM:ted  ray,  a 
is  obvioaa,  from  tha  qnurt 
potution  of    tbe  poiota  OO'.  I 
tbne    two    rays    arv  aqailr 
dined  to  the  xurfaoa,  or  bUoq 
of  >Rcw/«iKM   and  rtjUiSim 
eqwaL 
883.  Illustntions  of  Befleotioa  of  Sound. — The  refleetioo  of  mm 
waved  explains  some  well-known  plieoomena.      If  aba  (V%-' 
be  an  elliptic  dome  or  ardi,  a  sound  emitted  from  ntbrr  of  Ail 
//will  bo  reflected  from  the  elliptic surfaoa  in  gnchadliirtinMl 
pass  through  the  other  focus.    A  aoimd  aoiited  (rsi 


nf.  «M.  -SaBiwliQu  (TDU  ElUpUe  taoL 
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%y  thai  b«  dUtinctly  heard  at  the  otlit-T,  oven  when  quite  ioauJible 

iMAnir  points.    This  is  a  consequence  of  the  proporty.  that  linos 

twD  to  any  point  on  on  vlUpsc  from  tbo  two  fuci  are  «f|ualljr 

iclinnl  to  the  euni'c. 

Tbe  wcpcrinicnt  of  the  conjugate  inirrois  (§  468)  b  aUo  apf>lic*b)e 

I  BOODiL   Let  a  watch  Imi  buDg  in  tbo  focus  of  one  of  llMim  {Vig,  GIO), 


Mf  tit  — ILir.«iiuB  at  &1U111I  tm*  C«alu||i>i*  Hinon. 


I  n  ponon  hold  hU  ear  at  th«  focun  of  the  othor;  or  still  better, 
iDtercepting  Uiu  sound  Ixtfoiu  it  falls  on  tho  second  mirror, 
,  him  employ  an  ear-tnimpet,  holding  it«  further  end  nt  the  foctB. 
will  dutlnctly  licar  the  tjcking,«vcn  when  tbv  mlrron  are  many 
i]>art' 

884.  Echo. — I^ho  is  the  most  familiar  instance  of  the  reflection  of 
ad.  In  order  to  hear  the  echo  of  one's  own  voice,  there  m\ai  ho 
tJistaiit  body  capable  of  rellccting  sound  directly  hack,  and  the 
iber  of  syllables  that  an  echo  will  repeftt  is  proportional  to  the 


>  bM  (huwn  Ikkt  wwiul,  like  ligki.  It  M|sUa  «l  balaff  n^KttiJ.    A  ^hcHaal 
I  tl  wDvdlan,  tlUd  «IU>  oMbotds  add  |m,  mW  m  «  tauiHtm.    It  ft  >M«b  b* 
1  ncM  ilbUiiet  Iram  H  on  mm  M»,  la  «u  Iwld  kt  Um  conjwpte  (««•  mi  tba  stW 
IwD  Ww  tk>  tkklac.    Sm  >1m  klam««tl>«  «a  "Csn*)]  lUjaof  Sooad"  la  th> 
t«m  Itw  -W.n  Tb-W7  «l  UghL- 
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ilistanee  of  this  obsiacle.  The  sounds  reflected  bo  Um  spcaka 
travelled  first  over  the  distance  OA  (Fig.  Gil)  from  bim  to 
reflecUog  body,  and  then  back  from  A  to  O.  Supposing  6ve  ayli 
to  bo  pronounced  in  a  second,  and  taking  tbe  velocity  of  sooe 
1100  fvut  pL>r  second,  a  distance  of  550  feet  from  Uie  ^eaki 
the  rcdceting  body  would  imahle  tbe  speaker  to  complete  tli« 
xyllablo  before  the  return  of  tb«  6nt;  this  is  at  tbe  rate  of  110 


Plft  *ll.-  BeIui 


per  syllable.  At  distances  Ives  tlian  about  100  icet  then  ii  aolll 
for  the  distinct  reflection  of  a  8tngk-  syllable:  but  tba  ntM 
sound  niinglu^  with  thv  voicv  of  the  speaker,  llm  in  paitiadi 
obscrvabk'  under  vuultvd  roofx.  I 

Multiple  echoce  are  not  uncommon.  Tbey  ar»  duf;  is  « 
cases,  to  independent  reflections  from  obstacle*  at  difliaiBiJi 
tances;  in  others,  to  reflections  of  reflectiona.  A  poaHwB  im. 
midway  between  two  parallel  walls,  at  a  sutScient  ditUnoo  qati 
favourable  fur  llic  ol«cr\-mQoe  of  Uiis  Utter  phenomatKB.  0*^ 
the  most  frc<]Ufntly  cited  instancoe  of  multiple  edioea  b tballf  I 
old  palace  of  Simonctta,  near  Milan,  which  forma  three  ate^ 
quadrangle.     According  to  Kircber,  it  repeats  forty  tiaiaa 

885.  Speaking  and  Hearing  Tnunpeta, — ^Tbe  eomplota  eitilp* 
of  the  action  of  these  instruments  presents  eonaideimUt  (&!>■ 
Tlio  speaking-trumpet  (Fig.  612)  oonnsts  of  a  long  tube  {taatM 
6  feet  long),  slightly  tapering  towards  the  speaker,  fumivbid  *» 
end  with  a  hollow  mouth-piece,  which  neiarly  fits  tht  Iqf&vl 
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vrith  a  funtii'l-.iliitped  ctilnrgomoiit,  callwl  Uio 

width  of  about  a  foot.     It  u  mud)  umhI  at 

IB  found  very  effectual  in  making  the  votc« 

k  distance     The  explanation  usually  gi\'en  of 

U,  that  the  slightly  conical  form  of  the  long 

luoes  •  soriM  of  ivHoctions  in  dirvctions  more 

nwrly  parallel  to  the  axi.->;  but  this  oxplana- 

to  account  for  the  utility  of  the  Ml,  wbivh 

e  has  shown  to  be  considerable.     It  appears 

ihoorotical    investigation   by   Lord    Rayleigh 

tpeialcing-truiiip«t  causes  a  greater  total  <]uai)- 

«>oroua  energy  to  be  produced  from  tho  samo 

ir«  of  l>rontli.' 

impets  )mve  various  forms,  as  ttprwonted 
13;  having  Utile  in  common,  vxcept  that  tlio 
opening  or  belt  is  much  htrger  than  the  end 
[ntrodueed  into  the  oar.  Membranes  of  gold- 
ikiu  an)  Eometimos  Etretclu^l  acrwai  tlieir 
o  the  poaitioru  indicated  by  tho  dotted  lineti 
and  S,  No.  C  coiwists  simply  of  a  bell  witli 
embrane  stretched  across  its  outer  end,  while 
end  communicates  with  tlie  ear  by  an  indian- 
.be  with  an  ivory  end-[»eoe.  ThtM  light  m«mbrane«  are 
'soMoptJUe  of  iiiiprosslon  Crom  ovrlal  vibrations.  In  Reg- 
[periments  abore 
H  found  that  mem- 
n  ttCtdad  at  dia- 
eater  than  those 
sound  was  hoard. 
•iftrsiMoofSoaor- 
inlatlona, —  \V1ien 
ons  of  waves  are 
[  the  name  mat- 
oetual  motion  of 
ide  of  thii  matter 
iltont  of  the  mo> 
to  ooch  system 
'.  When  those 
motiom  ore  in  thi 


xame  direction  tin*  rosultont  is  their 


■  n««ry  V' ^'MMl.  ToL  [f.  p.  103. 


Be  hatf  a  wave-l^ngtlt  in  advance  eS  tbe  otbe^= 

they  would  separately  produce  in  any  p&rticle  at 
aiie,  and  the  particle  will  accordingly  reiuaiu  at 
^vill  thus,  by  tlicir  conjoint  iictiOD,  produce  aiteno 

In  order  tliat  the  extiucUon  of  sound  may  be 
fiod  portions  of  eadt  set  of  waves  must  be  the  mc 
tlie  condensed  portions  of  Uie  otLer  set,  a  condiU 
be  approximately  attained  in  practici-. 

Tbe  following  experiment,  due  to  M.  Doaains,  a 
illutitratiou  of  tbv  principle  of  interft-r^nce.  Tbe  I 
box  w  pierced  with  an  oi>ening,  in  whidi  a  po* 
The  top  of  tbe  box  baa  two  larger  openings  ajr 
with  respect  to  the  lower  on&  The  inside  of  tb<i 
felt,  to  prevent  the  vibrations  from  being  oommw 
and  to  weaken  intomal  rcfltclion.  When  tbe  w] 
a  membrane,  with  eand  strewn  on  it,  is  held  m  v 
the  vertical  plane  whtdi  bisects,  at  right  angles,  | 
two  openings,  tbe  sand  wUl  be  a([itat«d,  and  nil 
nodal  lines.  But  if  it  ia  carried  out  of  this  plaui 
found,  at  equal  diatances  on  both  sides  of  it,  at  i 
is  scarcely  percoptihle.  If,  wlion  the  mombrmoQ 
positions,  we  eloee  one  of  the  two  openings,  Uto  aaji 
dearly  showing  tliat  the  prevtow  absence  of  a^te 
interference  of  the  undulations  proceeding  CrotoJ 

In  this  experiment  the  proof  is  preeentod  iflfl 
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oppoutu  (lirectiuns.  Let  a  <iiak  oE  caixl-boftnl  of  t)ie  aanu) 
''tfxs  b«  divided  into  tlie  sapie  number  of  sectore,  and  let  atternato 
wmeUxn  Iw  cut  >way.  Imving  only  enough  near  tlie  centre  to  bold  the 
;  wnuuning  Mctont  togoUwr  If  the  card  be  now  held  just  over  the 
I  TJbrmUng  dude,  in  »ueb  a  manner  tliat  the  sectors  uf  th«  one  are 
BSMCtljr  orer  those  of  the  other,  a  ^at  increase  of  loudnees  will  be 
'.ollMrvw).  CDOMiqnoat  on  tho  supprMsion  of  the  sound  frotn  alternate 
but  if  the  card-board  diiik  be  turned  through  Uie  width  of 
A  sector,  the  effect  no  longer  oocun.  If  th«  card  u  niado  to 
rmpidly  in  a  continuous  manner,  tlie  altcmtions  of  louditcra 
form  a  series  of  beats. 

ia  for  a  Hiniilar  reason  that,  when  a  large  bell  is  vibrating,  a 
in  ita  centru  hMuit  the  sound  as  only  modcratvly  loud,  while 
un  a  nhori  distance  of  some  portions  of  tlie  edge  the  loudneM  is 
liiraMii. 

lBt«rfereiioe  of  Direct  and  Reflected  Waves.*   Hodes  and  Aati- 

>. — luu-rfervnoe  ni»y  nL^o  occur  between  undulations  travelling  in 

kite  dirKUons;  for  uxamplo,  between  a  direct  and  a  reflected  SJS* 

When  wavoa  procvt.Hling  alonga  tube  meet  a  rigid  obstacle,  forni- 

[  •  onwa  section  of  the  tube,  Oiuy  aru  reflected  dircvUy  lack  again, 

tmoUon  of  any  particle  dose  to  the  obetacle  being  compounded  of 

.  due  to  tlie  direct  wave,  and  an  equal  and  opposite  moUoa  due 

reflected  wave.    The  refloctod  waves  are  in  fact  the  iouges 

ith  rvfercoc*  to  the  obstacle  regarded  as  a  plane  mirror)  of  the 

which  would  exist  in  tlie  prolongation  of  the  tube  if  the 

were  witlulrawii.    At  the  distance  of  half  a  wave-leagtli 

the  obstacle  the  mution.s  due  to  the  direct  and  reflected  waves 

.  accordingly  be  eqiuJ  and  opposite,  ao  tliat  the  particles  situated 

<  distance  will  be  perinaneoily  at  reot;  and  the  same  is  true  at 

I  distaoee  of  any  number  of  half  wave-lengths  from  the  obstacle. 

I  air  in  the  tube  will  thus  bo  divided  into  a  number  of  vibrating 

Its  separated  by  nodal  pbnos  or  cross  seotioos  of  no  vibrn- 

.  Biranged  at  distancea  of  half  a  wave-length  apart.   One  of  tlteac 

i  is  at  the  olatadu  itt»clf.    At  the  eentnvt  of  Ute  vibrating  ng- 

liat  is  to  say,  at  tlw  distance  of  a  (juartcr  wave-length  plv« 

•  nuiober  of  half  wave-lengths  from  the  obstacle  or  frain  any  node 

tlie  Velocities  due  to  the  direct  and  reflected  waves  will  be  equal 

'  d  in  the  siuuc  direction,  and  tho  amplitude  of  vibration  will  so- 

Lfdingly  be  double  of  that  duo  to  tlie  direct  wavo  alunu.     These 

■  Sw  not*  C.  ftgt  S9& 


fectly  rigid,  tlio  dcstnicUon  of  moUoit  at  the  nodo! 
clcnsity  aX  the  antinodea  will  not  be  complete;  the  ( 
be  places  of  minimum  motion,  and  the  latter  of  ttt 
density.  fl 

Direct  experimeDts  in  v«ri6MtioD  of  th«M  pmH 
the  reflecting  body,  wore  oonduclvd  hy  8a\'art,  ant 
the  latter  of  whom  employed  a  testing  ftppiu-atuK  ( 
)>cndulun].  It  consists  cssentaally  of  a  sntkll  mcml 
a  frame,  from  tlie  top  of  whicli  hangs  a  veiy  Ugh 
its  bob  resting  ag&iiuit  the  centre  of  the  membnm 
portions  of  the  vibrating  segments  the  mombrane, 
ttir  on  its  two  faces,  throws  hade  the  pviidi 
nearly  free  from  vibration  at  tho  nodes. 

Itognault  made  exten-iive  tue  of  the  aooiHi6epe 
pcriinents  on  the  velocity  of  sound.    Tlie  pendali 
back   by  the  membrane,  completed  an  electric 
effected  a  record  of  thi»  instant  when  the  aounil  an 

888.  Beats  Prodoced  by  Int«rfereaee. —  A\lien 
are  not  quite  In  unison  are  sounded  together,  a  pi 
effect  is  produced; — we  hear  a  series  of  bursts  of  i 
vals  of  comparative  silence  between  them.  The  b 
called  beats,  and  the  notes  are  said  Utbeat  togetbei 
power  of  tuning  one  of  the  DOtw,  we  shall  Snd 
brought  more  nearly  Into  unison,  tlie  beatfi  bccomt 
OB  the  departure  frou)  unison  la  iocTMHdt  tJm  Jm 
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the  v«Iocity  of  propagation  is  the  same,  tb«  two  systems  of 

rm  will,  ID  som<>  portions  of  theur  conne,  agree  in  pheae,  and  thiu 

engthon  rjtcli  other;  while  in  other  parU  tiity  vn\l  be  opposite  in 

e.  ant]  will  tlius  destroy  each  other.     Let  one  of  the  notes,  for 

iple,  have  100  vihrations  per  Beoond,  and  the  other  101.     Tlien, 

re  start  from  an  instant  when  the  maxima  of  condensation  from 

two  sources  reach  tlio  tar  togcUicr,  the  next  such  conjunction 

II  occur  exactly  a  M'cond  later.     During  the  interval  the  maxima 

[  ODO  system  have  been  gradually  falling  bi.-hiud  thoM  of  the  other, 

,  at  the  end  of  the  second,  the  loiui  htm  amounted  to  one  wave- 

At  the  middle  of  the  second  it  will  have  amounted  to  half 

rave-length,  and  the  two  sounds  will  destroy  each  other.    We 

11  thu^  liave  one  beat  and  ono  extinction  in  c<ach  second,  as  a 

^ucace  uf  the  fact  that  the  higher  note  )uis  made  one  vibration 

than  the  lower.    In  general,  the  frequency  of  beats  is  tlie  dif- 

of  the  freqticnctcs  of  vibration  of  the  boating  notes. 


Non  X    |UOl 

tha  partkUi  *biiii  w«  moving  Mirtt4  m«  In  s  (UU  «{  aeaD(«Mik«,  Hty  b* 

la  iJbe  ioBowIng  vaj:— Uuulder  an  toagUiMy  cmw  moUmi  tMnlUnf  (nvknl 

I  Ikt  UU  wMi  the  uma  rtiisity  » the  twdslHIfcn.    CWU  thb  Ttkdtf  r,  >ih1  tiw 

t  tl  MJ  pMtkb  «4  ur  (L    AIw  U(  Um  iltMlty  «f  any  |*itlela  U  doii-'Cod  bj  p. 

lasad  f  nulBMMUM  tw  ihclmaglnMy  moTbufMotiaaiUid  tbtmiMoI  airvbloh 

I  in  iUMotimt  p«r  onit  Una  ■•  (r-ii)^     A*  tlianii  no  parmancot  tranrford 

I  rilbcr  41roctka  thna(b  tfca  taba^  Uio  dmb  tbiu  tnvoanl  matt  ba  tba  tatta  m  H 

vat*  at  nat  at  ita  naton)  dtmUy.    Hanoa  Ui*  ralaa  o(  {*-a)^  la  Ibaaana  lor 

aa  aadkaa;  whaoo*  It  tcUvin,  ikat  wbara  ■  1*  gnataal  p  boM  ba  fmMHt,  Miil 

I  ■  U  aagMllve  p  li  !<■  tbaa  tba  Batoral  Atmity. 

I tbaaaAiinldautly, we tur«(f-it)^c:r/^«hsn««  -s^^^f  tbatlttoaajr, 

>  V  lit  tderilf  ^  a  fmHidt  la  (Ac  MiMity  «/  ilu  •Kidalniim  it  tqMl  la  rt«  marfM- 
tmtifimfMlJuforMt.  U  a  UntgMln— tfaM  u  tuaj,  if  tbaTdocityba  MtncnHla 
I  nlio  Id  r  b  •  i»«aiw  of  Ibo  nnlacUun. 

I  tUi  pri*dii1*  wa  nuty  ta«Iljr  dtrin  a  (<«innU  Uv  th«  niodtj  o(  toandl,  baarfaf  to 
I  ■  ll  atiraya  ttrjr  (mall  in  compariMn  with  k 
V,M«wU<*  a  Ibln  laiiiin*c4  airvlKM  OiickMM  b  I^Mid  M  lii,  Ii^aDil  Jp  ba 
c4  Um  nl«dtf,  dMult;^,  and  jnanr*  on  tin  aaoMMl  Ma  c<  tk*  bnlaa 
thM«*  calbaCiM  at  Um  (ana  momaBt.    t^a  abo**  eqoMba,  (*-■)  p=r/^  Bl<nB 

1/ -plant),  vbcDM    "=^^or,ihia*aiii*y  UnwglacuJ  lawpailwtwfth  >v 


«<• 


•p- 


l« 


•  ll»a  «U>4i  itw  Movtfif  wdka  «c«aptM  bt  tnn««la(  tha  Uinln*  k  ^  mJ  bi  Ihb 
m  Urn  VfJocMy  of  Uw  laalu  obansca  t>?  lh«  amauni  -In,  ainea  Ika  valodlj  «■  lb* 


k 
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The  following  ii  the  unul  invcBtigition  of  tbs  velodtr  of  ttw 
&  uniform  tabs  lilled  with  tii,  friction  being  neglected ;  Let  x  i 
of  ■  puiicle  of  ur  from  the  aection  of  the  tabe  it  which  the  kk 
distance  at  time  ^  lo  that  y  ia  the  diiplacement  of  the  particle 
brium.  Then  ■  particle  which  wai  originallj  kt  diatuice  x  +  S 
diatajice  x  +  Sx  +  y  +  t}/;  and  the  thioknenof  the  intervening  la 

S X,  ia  now  Sx  +  tg.    Its  compteuion  ia  therefore  - -?  or  ultim 

ax 

dx 


tbe  original  preuure,  the  increMe  of  prewtire  la  -1-11  P 


behind  a  luoiiia  tx  above  the  pnaiure  in  front  !>  ~  (1*41  P 
and  ii  D  denote  the  oiigiiul  demit;  of  the  air,  the  aoceUntw 
quotient  of  this  eipreanon  b;  D .  tx.     Bnt  this  aocelentkni  ia 

equation 

the  integral  of  which  ia 


where  e denotei  a/ I'll  ^  and  F,/denote  an;  tnoctioiia  wl 

The  term  F  (i-rf)  represents  a  wave,  of  the  form  y=P  (a 
Telocity  t> ;  for  it  has  the  same  value  f or  f,  +  3 1  and  x,  +  v.St 
f  (x-i-jtt)  represents  a  wave,  of  the  form  y  =/  (x),  travelliag 
velocity. 

In  order  to  adapt  this  investigation,  aa  well  aa  that  pven  in 
of  longitudinal  vibrstiona  through  any  elaitia  material,  whether 
have  merely  to  introduce  E  in  the  place  of  I'll  P,  E  denoting 
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i  If,  aad  1  in  tn«  ume  wow  m  In  Note  B,  ind  msuoring  z  (lom  tba  refleeting 
MMt  tba  liuddent  watoi,  wa  hava,  for  tha  incident  vkvai, 

f,  =  aiin"-+?l'2,,  (1> 

I  tba  aniplitnd^  and  \  tbe  wiTa-langtb.    For  the  rcflcoted  vavea,  we  have 

eqnatioo  npraaenti  wkvei  equal  and  oppoaite  to  the  tDrmer,  and  Mtiafie*  tha 
that  at  the  reflecting  (oifKe  (where  z  i>  lere)  the  totaJ  ditturbance  yi-fs'i  ia 
tting  v  f  or  jPi  -f  )>fe  we  have,  by  adding  the  above  equationi  and  emplojing  a  wall- 
'mola  of  trigoDometry, 

y=Saain  f  2r  .oo*^!t.  (^ 

rido  <<K  Gomimvlon  U  negmtlv«)  ii  -/,  uid  we  hATo 

^=if2«oo.*2ir.e«^'s».  (() 

oz       XX  A 

tor  ain      2  r  Taniihea  at  the  pointa  for  whioh  x  ia  rithar  nro  or  a  multlpla  ot 

ttafaia  ita  greatest  valnca  (in  arithmetical  anue)  at  thoaa  for  which  x  f a  )  X,  er 
Boltiple  of  1 X.     On  the  other  hand,  the  factor  ooa  ^  S  r  vanlahcs  at  the  lattw 

d  attain!  ita  greateit  valuea  at  tha  former.  The  pointa  for  which  ain  —  2r 
m  the  codeai  liDCe  at  theaa  ptunta  y  ia  conatantly  taro ;  and  tlu  p<dnta  (or 
—  S  r  raniahea  are  the  antinodea,  rinoe  at  theae  the  eitenainn  or  eompreaaico  in 


Uoa  rcfirexinted  by  eqnatiou  (3)  ll  the  aimplaat  type  of  italieaarf  wuiiilaliim. 
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869.  IJutUtiM  of  Unftical  Soand. — Ifusicol  tonee  diflSu  m 
another  in  respect  of  tliree  qu&lities, — loudaeas,  ptteb,  and  (b 

Lotuiness. — The  loudneas  of  a  sound  considered  subjedinl] 
intensity  of  the  sensation  vvith  which  it  iiflecta  the  organs  ol  b 
Roganiod  objectively,  it  depends,  in  the  coso  of  sounds  of  (h 
pitch  and  cliaracter.  upon  the  energy  of  the  aerial  vibnUiiA* 
ncighlwiirhood  of  the  ear,  and  is  proportional  to  the  sqs 
amplitude. 

Our  auditory  apparatus  b,  however,  so  constructe<l  u  : 
susceptible  of  impression  by  sounds  of  high  than  of  loT  ffll 
bass  note  must  have  much  greutor  energy  of  vibration  tli»i 
note,  in  order  to  strike  the  car  as  equally  loud.  Tbc  IBM 
sonorous  vibration  at  &  point  in  the  air  ia  therefore  not  all 
measure  of  tJte  intensity  of  the  sensation  which  will  be  i 
aa  ear  placed  at  the  point 

The  word  loud  is  also  frequently  applied  to  a  soum  < 
when  we  say  a  loud  voice,  the  reference  being  to  ttit 
heard  at  a  given  diittanec  from  th«  sourc*.    The  diniioutieal 
neas  witli  incri:^a«e  of  dinlnnce  according  to  tlie  law  of  innnM| 
is  essentially  connected  with  the  proportionality  of  loodiwal 
of  amplitudei 

Pitcfi. — Pitch  is  the  quality  in  rvspi-ct  of  whieb 
difTers  from  a  grave  one;  for  example,  a  treble  oottt  frona  lM> 
All  persons  are  eap«b)e  of  appreciating  diffeniiioea  of  fiii  1^ 
extent,  and  the  power  of  forming  accurate  judgmMtta  i 
stitutes  wimt  is  called  a  muncal  car. 

Physically,  pitch  depcuda  solely  oo  freqwmcy  of 
Is  to  say,  on  tJie  number  of  vibtvtiooa  «xccut*d  par  tmt  i 


"J 
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Imiiry  drctimstuio.'s  this  fnquew^  i»  Uw  same  for  the  source  of 
nuud.  Uiu  medium  of  triuuimiMioa,  latA  t3ia  drum  of  Uiu  ear  of  the 
fowtm  boftring;  and  in  gcnenU  the  truumuuon  of  vibrntJoiiH  from 
MM  body  or  wi'diuui  to  another  produces  no  diaiige  in  Uieir  fru- 
fannej.  The  KO/tui  ia  umvoraally  employed  oa  the  unit  of  time  in 
iwting  of  sonorous  vibrations;  so  timt  frequency  means  ntimber  of 
itbration*  per  Kcond.  locreoae  of  frequency  corresponds  to  eleva- 
.o(  pitch. 

^Viod  and  /requenetf  are  reciprocals.     For  cxamplo,  if  tJto  period 

loadi  vibration  i»  tK  ^^  ^  second,  Uic  number  of  vibmtion«  |>cr 

is  100.     Period  tlierefore  is  an  ab(iolut«  measure  of  pitcli,  aud 

t longer  the  period  the  lower  is  tlie  pitch, 
be  wave-length  of  a  note  in  any  medium  is  the  distance  which 
td  Iravuls  in  that  mt-dium  during  tlio  period  corresponding  to  the 
Hi'nce  wavu-lvngth  owy  b'l  taki^n  oa  a  measar*  of  pitch,  pro- 
the  medium  be  given;  but,  in  passing  from  one  medium  to 
!ier,  wave-length  varies  directly  as  the  velocity  of  sound.     The 
-tengtii  of  a  given  note  in  air  depends  upon  the  temperature  of 
air,  and  is  shortened  in  tra&Hmiasion  from  thv  heated  air  of  a 
-room  to  the  colder  air  outride,  while  the  pitch  unde^oo*  no 
hange. 

If  we  ootn[iare  a  neriea  of  notes  rising  one  above  another  by  what 
nuncians  rvj^ard  as  equal  differences  of  pitch,  their  frequendea  will 
1)0  M]  u  id  i  tie  rout,  but  will  fonn  ao  increasing  geometrical  pro- 
lion,  and  tJioir  periods  (and  wavo<lrngth«  in  a  given  medium) 
,  form  a  decreaaing  geometncal  progrcsaion. 

— Huaical  aoonds  may,  however,  be  alike  as  rvgards  pitch 

loudness,  and  may  yet  be  easily  diatinguisliable.     We  upeak  of 

I  qvalUn  or  a  Fiingt-Vs  voice,  and  the  tone  of  a  musical  inatruinenl; 

we  diar&cti'rize  the  one  or  the  other  as  rich,  sweet,  or  meltow; 

[the  one  liand:  or  $k  poor,  harah,  nasal,  iic,  on  the  otlier.     Tlieae 

are  deacriptive  of  wliat  itiusiciiuiH  cull  timbre — a  Frandi 

literally  aignifying  Hamp,   Ucrnuui  writers  on  acoustics  denote 

laune  quality  by  a  term  aignifying  atmnd-tint    It  might  equally 

be  called  Bound-Aavour.     We  adopt  character  as  the  best 

deaignattoo, 

lljrakally  oomtidured,  as  ware-length  and   wave-nmplitndo  fall 

the  two  previous  heuln,  cfutracUr  n)ll.^t  depend  upon  tlio  only 

ling  point    in   which  aerial  waves  cait  dittcr — namely  their 

k.  meaning  by  this  term  the  law  according  to  which  the  velo- 


^^^^^^F            strumentR,  we  are  often  guided  as  much  l^| 
^^^^^H            extraneous  accompaniments  as  by  the  chan^ 
^^^^^^H              tbi'niselvcs. 

^^^^^1                890.  Musical  Intervals. — When  two  notea  u 

^^^^^H            taneou«ily  or  in  succos»ion,  the  car  experience 

^^^^^^1             special  kind,  involving  a  perception  of  the  tela 

^^^^^H             tJiem  as  regards  difference  of  pitch.     This  imp; 

^^^^^H             iiiztd  as  identical  wliere  absolute  pitch  is  v< 

^^^^             express  this  identity  of  impression  l^  saying Jt 

viil  is  the  tuune.                                             H 

t^AcJi  mtiHical  interval,  thus  recognized  by  t 

a  particular  relation  between  two  notea,  is  foui 

pai  Ucular  ratio  between  their  frequencies  of 

oetavf.  which  of  all  intervals  is  that  which  is  e 

by  the  car.  is  the  relation  between  two  notes  ^ 

as  1  to  2,  Uic  upper  note  making  twice  u  lOi 

lower  in  any  given  time.                               fl 

It  is  the  musician's  business  so  to  comb^l 

emotions  of  tJie  peculiar  kind  which  are  oaso 

art    In  uttainin;;  this  end  he  employs  varions  i 

intvr^'nltt  occupy  the  foremost  place.    It  is  upon 

iiient  of  these  that  succ«S!(ful  composition  main 

891.  Qamat. — The  yamut  or  diatonic  $mU 

^^^^^H       notes  ha%-ing  certain  definite  relations  to  om 
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DttBaUiriMI*        Si        Do, 
their  vfbimUoo-freqaendea  are  part^rtioiud  to  the  numbeni 

'     (     :     »    :     I    V     « 

leuing  fnctioDS,  to 

M        ST        M        »         30        to         15  a 

Cbe  iatervals  from  Do  to  each  of  the  othen  in  order  are  called  a 
Mmm'i  a  major  third,  a  fourth,  a  //U,  a  »ixth,  a  aeventh,  and  an 
Msvt  reepectivdy.  The  int«rral  from  La  to  Do,  U  called  a  miiwr 
ifcjrJ.  at>d  u  o^ndcntly  rcpr(»HMitvd  by  ttio  ratio  I. 

Th«  interval  from  Do  to  Re,  from  Fa  to  Sol.  or  firom  La  to  Si,  la 
|lpr«aoat«(l  by  the  ratio  {,  and  U  cnlletl  a  major  ton*,  Tbr  it)t4Tvii] 
hem  Be  to  Mi,  or  from  Sol  to  La^  13  represented  by  th«  ratio  V.  ami 
'»  Cftlled  a  minor  Ume.  The  interval  from  Mi  to  Pa,  or  from  Si  to 
Ooy  ia  represented  by  the  rmtio  ft,  ood  is  called  a  Umtna.  As  tiM 
IqQikn*  of  f  I  ifl  a  liitlo  grMiter  than  |,  a  UmtnA  ie  rather  more  than 
lalf  a  major  tone. 

10  intervals  between  the  racccffiive  notM  of  tlie  gamut  are  ao- 
jly  represented  by  the  tolloiring  ntlios': — 

Do        Ka        Ml        Fa        BcJ        U        ai        t>0| 

(with  all  its  octavM)  I»  called  the  iey-nol«  of  tlio  ploce  of  mtisio, 
Bd  may  have  any  pitch  whatever.  In  onliT  to  obtain  perfect  Iuu> 
Mny,  the  above  ratios  should  be  accurately  niaintainecl  whatever 
1^  key-note  may  be. 

BL  Tempered  QtDBt. — A  great  variety  of  keys  are  employed  in 
I  and  it  is  a  practical  impoesjbility,  at  all  ovviitM  in  tliu  rose  of 
iment«  tike  the  piano  and  organ,  whicli  have  only  a  deBnite  Mt 
F  ooten,  to  maintain  these  ratJos  strictly  for  the  wlwlo  range  of  poa- 
EUe  kry-noUtL  Oimpromiiie  of  some  kind  becomes  neoessaiy,  and 
ftflbmt  ayaiexaa  of  cumptxnniae  are  called  difTercnt  temptmiwnta  or 

Ebreut  tnodta  0/  Umperament.     The  temperament  which  is  most 
favour  in  the  present  day  is  the  simplest  possible,  and  is  eaUacI 
ioi  kmperament,  because  it  favoius  no  key  above  another,  but 
Wtjkm  the  tempered  gamut  oxoctJy  the  same  for  alL     It  Ignores  the 

^^^M  togMflUuiilo  dtflcNOCa^  wbkfc  an  aoounlttljr  ptopoittcoal  to  tba  Intamli^  an 

DoDaUiraSolUaiDo 
Bl        M        38        «         IS        SI        S8 


'Ul    WU  UlUIIIMJ    |li»IMIi         

IiiDpcrtil  OkBUL  Xtlunl  Qvaat, 

C  .  .  35S-T  M8-7 

D  .  .  IWn  SBl-O 

B  .  .  39ft-B  Stt-4 

r  .  .  MM  Silt 


The  absolute  pitch  here  adopted  is  that  of 
and  is  fixed  by  the  rule  that  A  (the  middte  A 
string  of  a  Tiolin)  is  to  have  495  coinpleto  vibi 
the  tMitpered  gamut.  Tblt  is  rather  lower  ti 
which  liaA  prevailed  in  thifl  country  in  recent  3 
not  80  low  as  that  which  prevailod  in  the  liini 
be  noted  tlmt  the  number  of  ribrattmw  ooi 
spproxiniatcly  equal  to  a  power  of  i  (2i>i)  ur 
i  accordingly  vxprcssca  (to  th«  aanie  dogruo  ol 
number  of  vibrations  correspODding  to  one  of  t 

The  SttUiganl  congre»s  (1834)  noommeiwlo 
second  for  C,  and  the  C  tuning-foika  sold  tindt 
Society  of  Arts  are  guaranteed  to  have  lliis  pii 
the  numbers  2*.  27  ...  48,  in  §  81)1,  by  11, 
froqucncics  of  v-ibration  for  the  natural  jjamut 
thiA  standard.  What  is  gvncmlly  called  amnet 
538.  The  C  of  tlio  Italian  Opera  in  540. 
been  49ftJ. 

693.  Limits  of  Pitch  employed  in  Hiuio.— 


-vrvwfl 
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n  Wftve-lcn;;th  In  air  iit  about  4  inches.  Above  this  lintit  it  in  difll- 
oalt  to  appraciato  |utclt,  but  okiUm  of  st  looKt  t«u  tintoa  Uiu  Dumber 
of  vibrntioiM  *»  ftudibK 

The  average  coinpaiM  u(  th«  human  voic«  ja  about  two  ociaves. 
Tbti  deep  F  of  a  tios»-sing(!r  has  M7,  and  the  iipfwr  O  of  the  trebly 
775  viVimtioos  per  second.  Voices  wliich  exceed  cithur  of  tlto»o 
Katibt  aro  rvgardcd  as  deep  or  high. 

894.  Minor  8«ale  tad  Pytba|:or«an  Scale.— The  diflcrcnce  between 
a  luajor  oiid  minor  tone  is  expressed  by  the  ratio  JJ,  aiid  U  called  a 
Wmnvi.  Tbe  diflTeirence  between  a  minor  tone  and  a  limma  is  ex- 
fRBsed  Xiy  th«  ratio  |f ,  and  is  the  suiallcet  value  that  can  be  assigned 
Iq  tlitf  sonwwhal  indefinite  int<.'rviil  dvuot«d  by  U)«  immo  wmttoiw. 
tb*  gnafoiit  value  U-ing  the  limma  iUclf  {W).  The  signs  t  and  ^ 
(thar]'  and  flnl)  appended  t<>  a  note  indicate  that  it  i^  to  be  raised  or 
lowcTt^'l  hy  a  iMMiiitone.  The  major  .tcale  or  gamut,  a&  above  given, 
|l  UKxltRed  in  the  following  way  to  obtain  the  minor  scale: — 

tOv        lU        Ut>         f*        Sol        L>>        Sl>         Da. 
I      H       V      «      IS       f       V 
nnnilH'pi  in  tlie  MOond  line  hein^  tlio  ratios  which  represent  tlie 
^tfrvals  Imtwcen  the  inceeKNive  n<it«t«, 

■t  is  worthy  of  note  tliat  Fythagoms,  who  was  the  lirst  to  attempt 
Rv  nunivrical  evshiation  of  musical  intervals,  laid  down  a  scheme  of 
■Jucn  "li^lilly  ditlVn'nt  from  that  whicli  is  now  generally  adopted, 
uaeording  to  him,  the  intervals  bvtwron  tlie  suocnsive  noica  of  the 
Jt  scale  are  as  follows: — 

1>>  K*  Ml  Fm  Sol  Ia  01  Do 

I       I      US     I       it     ill 

i  ■dieme  agree*  exactly  with  the  common  systam  as  regards  tin 
I  of  the  fourtli,  tlfth.  and  octave,  and  makes  tbe  values  of  tbo 
third,  the  sixth,  and  Uie  seventh  each  greater  by  a  comma. 
'^Ue  tbe  small  interval  from  mi  to  fri,  or  hx>m  n  to  cio.  is  diminishoc] 
y*  a  comma.  Id  the  ordinary  system,  the  prime  numbun  wliicb 
tbo  ratios  aro  2, 3,  and  5;  in  the  I^rthagorean  system  they  aro 
and  3;  hence  the  interval  between  any  two  notes  of  Uie 
scale  can  be  exprwised  as  the  sum  or  difference  of  a 
ain  number  of  octaves  and  flftlis.    In  tuning  a  violin  by  making 

EUurvala  between  the  strings  tnie  fifths,  the  rytbagoroan  schema 
oftUy  employed. 


similarly  arranged,  and  m  mouoUKl  that  ii^ 
about  iia  ecotni,  carrying  with  it  the  vertical 
attoelieJ.  Tliis  rotation  l<t  effected  hy  the  actio 
eoteni  Uie  wind-chest  from  below,  and  eac^Mt 
The  form  of  the  holes  ta  ehowo  by  the  section  t 
not  pass  perpendicularly  thruu;;li  thv  platco.  bot 
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Iftendfl  upon  the  nt«  <>f  nrtAtion.     H«nce  a  note  is  emitted  wbioh 
bea  in  pitcli  as  the  rotation  becomes  more  rapid. 
The  siren  will  soond  under  water,  if  water  ia  forced  tlitougli  it 
katcad  of  air;  and  it  was  from  tbia  circumstance  t]i&t  it  derived  its 

MBS. 

)  Id  cad)  revolution,  tliu  fifteen  ho\e»  in  the  upper  plate  come 
I^KNiite  to  thoae  in  the  lower  plate  15  Umen,  and  allow  the  com- 
Msed  air  in  the  wind-ehwtt  to  escape  i  while  in  the  interveninj; 
taitiooa  ita  eBcape  is  almost  entirely  prevented.  Each  revolution 
btis  fnvcii  rise  to  15  vibrations;  and  in  order  to  know  tlio  number 
I  vibnitions  oorreaponding  to  Uic  note  emitted,  it  is  only  nccensaiy 
9  havD  a  nicAns  of  cotinting  the  revolutions. 

-Thta  ia  fumiflhed  by  a  counter,  which  is  represented  in  Fig.  615. 
Ilu  rcvoKHng  axb  carries  an  endless  screw,  driving  a  wheel  of  100 
Mth,  whoso  axis  carries  a  band  traveraing  a  dial  marked  with  100 
IvicioiM.  Each  revolution  of  the  perforut^>d  plate  causes  this  hanil 
i  advance  one  divUion.  A  second  tootliod-wheel  is  driven  inter- 
tilteatly  by  the  timt.  advancing  iniddenly  one  tootb  whenever  the 
ud  belonging  to  the  first  wheel  passes  the  zero  of  its  scale.  This 
toond  wheel  also  carries  a  hand  traveniog  a  second  dial;  and  at 
icdi  of  tlto  sudden  moveuvQtJt  just  duscribt-d  this  hand  advances  one 
Ivliilon.  Each  division  accordingly  indicatui  100  rovolutJons  of  the 
irfonted  plate,  or  1500  vibrations.  By  pu-thing  in  one  of  the  two 
litonit  whicli  kre  shown,  one  on  each  si<le  of  the  box  containing' 
m  tootbed-wheels,  we  can  instantaneously  connect  or  disconnect  the 
idkas  screw  and  the  6rst  toothcd-wbeel. 

7"  order  t^i  determine  tbo  number  of  vibratitms  correspotiding  to 

\y  givi-n  sound  which  we  have  the  power  of  maintaining  steadily, 

■  fix  tile  siren  on  tlio  bellows,  the  aarow  and  wheel  being  di»> 

BBoetcd,  anil  drive  the  aireo  until  tlie  note  which  it  emita  b  judged 

iba  in  unison  with  tlic  given  note.     We  then,  either  by  regulating 

m  jwessure  of  the  wind,  or  by  employing  the  finger  to  press  with 

bn  or  less  friction  against  the  revolving  axis,  contrive  to  keep  the 

M«  of  the  siren  constant  for  a  measured  interval  of  time,  which  we 

mra  by  a  watch.     At  the  eomnienceiuent  of  the  iutenal  we  sud- 

Hy  ooDaect  the  screw  and  toutlied -wheel,  ati'l  at  its  t<-nuination 

Nuddenly  disconnect  them,  having  taken  care  to  keep  the  sirea 

aaisoD  with  the  given  sound  during  tlie  interval.     A.4  the  han<ls 

aot  advance  on  the  dials  when  tbe  acrew  is  out  of  connection  witb 

wheels,  tbe  readings  before  and  after  the  measured  interval  of 


minfttJ(m!i,eBpeciBll7if,  byatMinj^OTsn 


corroction  be  made  fof  any  slight  difTercDce 
flircn  ADtl  the  note  ondor  Inveetigatian. 

The  vibrations  of  a  tuning-Fork  cui  be  ' 
of  tho  simi.  by  a  graphicat  roothitd,  which  does  noi 
elm  of  mtisiciil  juilgment,  biit  linipty  involves  thi 


m 
ft 

ikcotl  so  titat  tlie  stylo  barel 
iorit  IB  tlwii  Diftde  to  vibnit< 
nmeiL     Tlie  result  ia  a  wav 
tnd  the  number  o£  wavo-fon 
ippodt«  directions)  is  the  nun 
Mta  for  a  laoaHUred  int«rval 
nv»-'omui,  anil  Uivido  by  th< 
be  narobor  of  vibrations  per 
1^  plaogittff  tb«  paper  in  etfa 
Mper  may  be  laid  a/^ido,  and  < 
Ipparatiu  ia  called  tlio  t»6n>M 
H.  Li^  Soolt  has  tnvont«< 
TOpli.  n'liioh  ia  adapted  to  th 

1                                ns  m.-T 

■nonl.    Tho  ityle,  which  is 
tretclii^d  actXMB  the  Hmatlor  r 
rutnpct.    Tlio  mombTniic  ii  a, 
[Ont  any  luurtw  of  fioitnd.  and 
boa  oo  a  litarkoaod  cylinder 
jUpMNnta  tlio  traces  tliua  oht 
1  (llKe  diHVirent  modes  of  vl 

897.  Tonometer. — When  w 
lliralioti  [or  a  particular  tui 
t  uniiran  with  it,  can  be  dedi 
jnoltaiiwusly,  and  counting 

SebtiUcr'i  Umortuter,  wbic 
9cuiiab  of  a  kH  of  05  tuning 
irka  niakc  4  beats  p«r  Mooa 
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to  travel  «ndwi86.     The  cyliniler  is 
f  toudieai  the  blackened  surfuoo.    Tlie 
e  by  bowing  it,  and  the  ^-Hndor  is 
V  line  traced  on  the  blaokeno<l  Hurfano, 
ns  (each  including  a  pair  of  )>cnds  in 
nbor  of  vibnttioos.     If  the  experintent 
of  tinio,  wo  have  only  to  count  these 
)  number  of  ncoorulii,  in  onlor  to  obtain 
tecond  for  the  note  of  the  tuning-fork, 
er,  the  trace  will  be  fixed,  ao  tltat  th« 
he  vibratioiks  counted  at  leisure.    The 
107M,  and  was  invented  by  Duliamel. 
1  an  injitrumcnt  colled  the  fAonaiU(h 
9  graphioal  repre«entalion  of  sounds  in 

1 

very  light,  is  attached  to  a  membranu 
nd  of  what  may  be  called  a  large  oar- 
^ilat*>d  by  the  aerial  waves  proceeding 
the  ittyle  leaves  a  record  of  these  agita- 
as  in  Dnbamcl  s  apparatus.     Fig.  017 
dined  from  the  sound  of  a  tuning-fork 
>ration. 

B  have  determined  the  fi-cjuency  of 
ling-fork,  that  of  another  fork,  M'-arly 
icod  by  making  tho  two  forks  vibrate 
the  bcaU  whicli  thry  produce, 
h  is  constructi'd  by  Koenig  of  Paris, 
•forks,  sucli  tliat  any  two  consoeative 
ij,  and  ooRsettuently  differ  in  pitcli  by 

1 

906 
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4  vibrations  per  second.  The  lowest  of  Ui«  series  maka  2M  *9n- 
tioas,  aa<]  the  higliost  51S,  tJius  completing  an  octave.  Any  Ml* 
witKin  tliis  rait;;<!  can  have  ilt  ^ibntkni-frcquiincy  ai  0B«  ifalM- 
mined,  with  great  accurac}',  by  making  it  sound  simulteneoialj  will 
the  fork  next  above  or  below  it^  and  counting  beata. 

With  the  aid  of  this  instrument,  a  piano  can  be  tuned  wiUi  M' 
tainty  to  any  desired  syst«in  of  t«inpcnunenti  hy  tiist  tuniog  lb 
notes  whidi  come  within  the  compass  of  the  toDomctcr,  tad  ik* 
l]ro<:codiiig  by  octavcn. 

Id  the  ordinary  tnethoils  of  tuning  pianos  and  organs,  Unpn- 
rnent  »  to  a  great  «xt«nt  a  matter  of  chance;  and  a  taDwcutf 
aitain  the  same  temperament  in  two  successive  attempts 

898.  Pitch  modified  by  Relatire  Motion.— We  have  8tat«']  in  §S» 
that,  in  ordinary  circumstances,  the  {requency  of  vibratioa  is  i) 
source  of  sound,  is  the  same  as  in  the  car  of  the  listener,  and  it  ti 
intervening  medium.  This  identity,  however,  does  not  bold  3  Ai 
source  o£  sound  and  tlio  car  of  the  listener  are  approadiiag  or  mi^ 
ing  trora  each  other.  Approach  of  either  to  the  oUior  pntdiasii' 
creased  frequency  of  the  pulses  on  the  ear,  and  ooniic<]uent  tl«tilia 
of  pitch  in  the  sound  as  heard ;  while  reoMeion  has  an  oppooil*  ift* 
Let  n  be  the  number  of  vibrations  performed  id  a  Meond  bflk 
source  of  the  sound,  v  the  velocity  of  sound  in  the  medium,  iai  • 
the  relative  velocity  of  approach.  Then  the  numlH-r  of  vravo  «U^ 
reach  the  car  of  tiie  listener  in  a  second,  will  bo  n  plus  the  oBste 
of  waves  which  cover  a  length  a,  that  is  (sinoe  n  waves  eonf  t 

length  v),  will  be  n+"  it  or^^n. 

The  following  investigation  is  more  rigorous.  Let  the  snM 
make  n  vibrations  per  second.  Let  the  observer  move  tovacdi  lb 
source  with  velocity  a.  Let  the  source  move  away  fram  the  ofaWfC 
with  velocity  a',  hot  the  medium  move  from  the  obaerrer  town* 
the  source  wiUi  velocity  m,  and  let  the  velocity  of  soood  is  tit 
medium  be  v. 

Then  tlie  velocity  of  the  obeerver  relative  to  the  m^um  a  a  -  • 
towards  the  source,  and  the  velocity  of  the  souroe  ndativc  to  tbs 
medium  is  a'  -  m  away  from  the  obaorver.  The  velocity  of  A( 
sound  relative  to  the  source  will  be  different  in  diSineDt  dliKtioea 
its  greatest  amount  being  v+a'-tn  towards  the  obsemr,  sad  ill 
l<;ast  being  v^a'-i-m  away  from  the  observer.  The  les^  rfs 
wave  will  vaiy  with  direction,  being  -  of  the  velocity  of  the 
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nlfttive  to  the  Bource.    The  length  of  those  waves  which  meet  the 

observer  will  be  *-    ~",  and  the  velocity  of  these  waves  relative  to 

the  observer  will  bev+a-m;  hence  the  number  of  waves  that  meet 

him  in  •  second  will  be  '"^  V*  71. 

Careful  observation  of  the  sound  of  a  railway  whistle,  as  an  express 
famin  dashes  past  a  station,  has  confirmed  the  fact  that  the  sound  as 
heard  by  a  peraoD  standing  at  the  station  is  higher  while  the  train 
ii  i^^nroAching  than  when  it  is  receding.  A  speed  of  about  40  miles 
•n  hour  will  8har|)en  the  note  hj  a  semitone  in  approaching,  and 
flatten  it  hy  the  same  amount  in  receding,  the  natural  pitch  being 
heard  at  the  instant  of  passing.' 

'  Th*  bMt  obaoTkUoiu  ol  thli  kind  were  thoM  ol  Bnji  B4not,  in  wUcb  tninpeton, 
wKb  thab  tuitnunenti  pnTloiulj  taiud  to  tmiioii,  wars  itKtloiiKl,  oq*  on  tha  locomotiTe, 
ami  otban  *t  tbrva  ■Ution*  baddB  the  Uoe  of  nOwk^.  Exih  (rnmpetsr  wu  Moompanled 
tf  —ridiH,  ebargad  with  tha  daty  ol  catlnuting  the  diSoeitM  of  pllcli  batween  tha  auta 
«t  Ub  Inmpat  and  thoae  of  tha  otheii,  aa  heard  before  and  after  passing. 


CHAPTER    LXIV. 


MODBB  or  VUtRA-nOH. 


899.  LonffitudiQ&I  asd  TrmnsverM  Vibrations  of  Boltda.— Sooan* 
viLrationd  arc  manifestations  of  elasticity.  When  the  pArtidsaJi 
aoli<l  body  are  displaced  from  their  natm«l  positjoin  rolatinliw 
anotlier  by  the  application  of  external  force,  they  tend  to  retan  a 
virtue  of  the  elasticity  of  the  body.  When  the  vxtrmal  fom  * 
removed,  they  spring  back  to  tlicir  natami  powtion,  pAa»  it  b  nts 
of  tlio  velocity  acvjairud  iu  the  return,  and  execute  isocfaroDOOi  iflp- 
tions  about  it  until  tltoy  gradually  como  to  rest.  Tbo  iaoduuiM 
of  thft  vibrations  'at  proved  by  the  coii^tAnc^*  of  pitrh  of  tbe  not 
emitted;  and  from  the  isochroniatn  we  con  infer,  by  the  aid  of  nnl^ 
maticai  reasoning,  that  the  restoring  force  inorer-aes  din-ctly  «  ^ 
displacement  of  the  parts  of  tlic  bod}'  from  their  natural  nbli" 
position  (JJ  111). 

The  iianie  body  is,  in  general,  suscepUble  of  many  diflnvat  ntt* 
of  vibration,  which  may  be  excited  by  applying  foroea  to  il  iatf- 
ferent  n-ays.  I1ie  moat  important  of  these  are  compreboKM  nit 
the  tvro  heads  of  lonffUudinal  and  tranmxTve  vihntMtOM. 

In  the  former  the  particles  of  th«  body  move  to  and  bo  b  tl 
direction  along  whidi  the  puW^  travel,  which  ia  always  rtftM* 
the  longitudinal  <lirection,  and  the  deformaUotu  produowJ  ootairi  k 
alternate  compressiona  and  extenaiona.  In  the  hitter  the  partid* 
move  to  and  fro  in  directiona  transverao  to  that  in  whidi  tha  pal* 
travel,  and  llic  doformation  cooxtsts  to  bonding.  To  pnidsee  ba^ 
tudinal  vibrationti,  we  must  apply  force  in  the  loDgitndinal  dbutlA- 
To  produce  tran.^vci9«  vibration,  we  miLst  apply  force  tnoaisadf- 

900.  Transrerse  Vibratioas  of  String — 1'a  the  tiuMraaa  *0a> 
tions  of  strings,  instromental  music  ta  indebted  for  aooM  nf  Hb  asA 


VUBATIOHB  or  SnUKOS. 


009 


precious  ratourer-o.     In  Iho  violin,  violonouHo, ^.  Uie  Btrin;^  Are  set 

in  vibratioQ  by  drawing  a  bow  across  tli«in.    Thv  pari  of  the  bow 

Bvbicji  acts  on  (lie  strings  oonsists  of  luirs  ti^tiy  streUihcd  and 

^Robbcd  will)  rosin.     The  bow  adheres  to  the  string,  and  dtBwa  it 

^■aidti  lUl  tli«  rcocljon  becomes  too  great  for  tbo  adbcsiou  to  ov«ix)ORi«. 

As  th«  boH-  oontlnuts  to  be  drawn  on,  slipping  takca  placo,  and  tbv 

mere  fact  of  slipjtin^  diminishes  the  adbesioru    Tbe  string  acoordingly 

springs  back  suddenly  throagh  a  Bnite  diiitanoe.     U  is  then  again 

caught    by  the    bow,  and   the  same  action    is  repeatod.      In  thi^' 

Ii*rj>  anil  guitar,  the  strings  are  plucked  with  the  finger,  and  then  loft 

I  vibrato  frooly.     In  the  piano  the  wires  aro  struck  witli  tittle  hain- 

facud  with  luathur.    The  pitcli  of  the  »ound  entittod  in  tliesc 

nous  cases  depends  only  on  tho  Ktriog   itself,  and  la  Uie  same 

plueh«ver  mode  of  excitation  be  employed. 

1.  Laws  of  the  Transveree  Vibrations  of  Strings.  —  It  can  be 
rn  by  an  investigation  closely  analogous  to  that  which  gives  the 
city  of  sound  in  air.  that  the  velocity  with  which  transvenw 
Itioox  travel  along  a  perfectly  llcxiblu  string  is  given  by  tbo 
inula 


■on 


Ml. 


Vi 
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!  d«notJng  tbe  tension  of  the  string,  and  m  the  mass  of  unit  length 

it     If  fH  be  uxpr«esod  in  grauiues  per  centimetre  of  length,  t 

lid  ho  oxpratscd  in  dynes  (§  87),  anrd  tho  value  ohtaiuod  for  v 

be  in  ocntiuu-lrvn  i^r  second.     Tlta  raddcD  diaturbaoM  of  any 

it  in  tli«  slrini;.  caiiMw  two  pulaea  to  stArt  fn>m  this  point,  and 

along  Uie  string   in  opposite  directions.     Each  of  thcyw,  on 

ivin^'  at  the  end  of  the  free  portion  of  the  string,  is  reflected 

3U  Utc  solid  support  to  which  the  string  is  attached,  and  at  tho 

ae  time  undergOM  reversal  as  to  aide.    It  runs  lack,  thus  reversed. 

Um  other  and  of  the  frse  jmrtion,  and  there  again  undergoes 

and  rovonaL    Whoo  it  next  arrivca  at  the  origin  of  tlie 

turbancct  it  has  txavelled  over  just  twice  the  laogtli  of  the  string; 

as  this  is  true  of  both  the  inilMM,  they  must  both  arrive  at  this 

it  together.     At  the  instant  of  their  meeting,  ihin;,^*  arv  in  tlw 

I  condition  as  wlu'n  the  pulses  were  originated,  an*!  tlie  move* 

■nta  jUNt  dtMriU'il  will  again  take  place.    Tlio  period  of  a  eoroplotv 

Ibrstion  of  tlw  string  is  therefor*  the  time  required  for  a  jjuIso  tu 

kval  over  twice  its  length;  that  is, 
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•    •       V  ' 

t  dflnoting  tl)«  length  of  the  string  betwe«n  its  points  uf  aitK&m«li 
and  n  the  number  of  vihtations  per  svcond. 
Tliia  formula  involves  the  fotloiring  laws: — 

1.  WhcQthol«ngtl)oFthe  vibrating  portion  of  the  string  BtUni 
without  cliange  of  tension,  the  frequency  c^  vibraticoi  varies  timerif 
OS  the  length. 

2.  If  the  tension  be  altered,  without  ohftng«  of  length  ia  m 
vibrating  portion,  the  frequency  of  vibration  varies  M  ihs  nfKt 
root  of  the  tension. 

3.  Strings  of  the  same  length,  iilreti^ec!  with  ths  sum  fofOKkn 
frequencies  of  vibratiOD  Mrhidi  are  tnveiselj'  tta  tlia  aquan  n^* 
their  masses  (or  weighta). 

4.  Strings  of  the  same  length  aad  donaitj,  but  of  tlitrm-nt  t^ 
nesses,  will  vibrate  in  the  same  time,  If  tlioy  ar«  stnirir.!  rti 
forces  proportional  to  tlioir  sectional  areaa. 

All  these  laws  are  illustrated  (qualitativelj,  if  not  quantiubn>7' 
hy  the  strings  of  a  violin. 

The  iintt  is  illustroteU  by  the  fingering,  the  pitch  bdsg  iiiMda 
the  portion  of  string  between  the  finger  and  tlie  bridge  i*  •botM^ 

The  second  ia  illustrated  by  the  mode  of  tuning,  which  ojunda 
tightening  the  string  if  its  pitch  b  to  he  raisod,  or  aladtimiat  iW 
string  if  it  is  to  be  lowered. 

The  tliii-d  law  is  illustrated  by  the  coostruction  of  th«  faaai  rfni 
whicti  »  wrapped  round  with  metal  wire,  forthepurpoatof  aiAft* 
itA  mass,  and  thus  attaining  slow  vihiation  without  uudavftlscbM 
llie  tension  of  this  string  is  in  fact  greater  than  that  of  tbi  ilt9| 
next  it,  though  the  Latter  vibrates  more  rapidly  in  the  ntii>a(Skt 

The  fourth  law  is  indirectly  iUuittated  by  the  sins  of  UiffiX 
tliree  strings.  The  treble  string  Is  the  smallest,  and  i«  dctmIUm 
stretched  with  much  greater  force  than  any  of  the  othtoi.  TWlM 
string  is  tins  thickest^  and  is  stretched  with  Ion  force  than  nrtf 
the  others.  The  increased  thicknesa  is  Doceasaiy  in  ordv  to  p* 
mitlici<.'nt  power  iu  spite  of  the  slackaeM  of  the  atring. 

902.  Experimental  Illutration:  SoBomatar. — For  the  <]-jaaliMP« 
illustration  of  these  laws,  the  instrumeot  called  tli«  mnamt^  ^ 
presented  in  Fig.  GIS,  is  commonly  employed.     It 


i 
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of  a  string  or  wire  stretched  over  s  sounding-box  hy  moue  of 
a  wt-ight.  One  end  of  the  string  U  secured  to  a  fixed  point  at  one 
end  of  the  aounding-box.  The  othi-r  ond  passes  ovur  a  pulley,  and 
carries  weiglitA  whicb  can  be  Alterc<l  at  plc-imiiro.  N<'ar  th«  two 
ttuils  uf  tho  box  arc  two  fixed  bridges,  over  which  the  cord  pasneeL 
nura  U  also  a  movaUe  biidgc,  which  can  be  employed  for  altering 
the  length  of  the  t-ibrating  portion. 

To  verify  the  law  of  lengths,  the  whole  length  between  the  fixed 
blidgei  in  made  to  \-ibrate.  fither  by  plucking  or  bowing;  tlie  niov- 


bridge  is  then  introduced  exiictly  in  the  middle,  and  on«  of  the 

k.lvt^'8  is  made  to  vibrat*:;  the  not*-  thun  obtaiiiiMl  will  bo  found  to 
bo  tlie  upper  octavo  of  the  first,  llie  frc^tioncy  of  vibration  is  thcTo- 
CoK  doubled.  By  making  two-thirda  of  the  whole  length  vibrato, 
»lloic  will  be  obUiint'd  which  will  be  rcCogDL»'d  as  the  lifth  of  the 
tftuidauiental  note,  itt  vibratii>n-freiiu(.-ncy  bciug  therefore  gruilvr  in 
ttia  ntto  |.  To  obtain  the  iiotoa  of  th«  gamut,  wo  commsnce  with 
the  string  as  n  whole,  and  then  employ  porlions  of  ita  length  repre- 
HStud  by  the  fractions  |,  |,  J,  j,  J,  fy,  J. 

To  verify  tho  law  Independently  of  all  knowledge  of  rousicnl  inter- 
VatH,  a  lijjht  style  may  be  attochcd  to  the  cord,  and  cauaed  to  trace 
its  vibrations  on  the  vibroMope;.  Thiit  mode  of  proof  is  nlao  mure 
ipBDoral.  inasmudi  os  it  can  be  applied  to  ratios  which  do  not  ooito- 
ipond  to  any  recognized  musical  interval 

To  verify  tho  law  of  tensions,  we  must  change  tho  weight,  ft 
frill  bo  found  tliat,  to  produce  a  rise  of  an  octavo  in  pitch,  the  weight 
tntiat  be  iacnaiwd  fourfold. 

To  verify  tlie  third  and  fourth  lawH.  two  string  must  be  employed, 
their  UBMis  liaviog  firat  been  dctonuitied  liy  weighing  them. 


^^^^^^^^^^^^H 

When  tJts  vibraium-frequvncg  of  07i«  noU  i 
of  that  of  another  note,  Uie  former  note  i«  catici 
latter.     The  notes  of  all  Btringcd  iitHtrumenfa 
liarmonics  blcndttl  with  tlie  funiltunoDtol  loom. 
plates  have  higher  tooes  mtnglecl  with  thn  fan 
these  higher  tones  are  not  hormotucs  in  lUe  •■ 
the  word.                                                          H 

A  violin  string  sometimee  fails  to  yield  its  Ta 
gives  the  octave  or  eomo  othor  humoiiic  int^t'CaJ. 
brought  about  at  plcoHure,  b;  liglitly  touchiog 
pcrly-MleCtetl  point  in  its  length,  while  IIm  bo 
usual  way.    It  touchvd  at  the  middle  point  of 
the  octAve.     If  touolied  at  one-third  of  ita  Imgtl 

gives  the  6Cth  above  the  ocbtve.    The  law  is,  I 

of  itiiluiigth'  from  cither  end,  it  yield.-)  the  harmoi 
frequency  is  n  times  tliat  of  Hie  fnndamental  U 
these  cases  divides  itself  into  a  number  of  equal 
as  shown  in  Fig,  CIO.                                        fl 
The  division  into  segments  is  oft«D  diatu^f 
string  of  a  sonomot«r  Is  strongly  bowed,  an^| 
verified,  whoa  less  evident,  by  putting  paper  r^l 
of  the  string.    These  (as  shown  in  the  figure)  wt 
the  vibrations  of  the  string,  unless  they  aru  pla4M 
^^^^^^^B  nodal  pointa,  in  whidi  case  thoy  wilt  retain  tl 

STMPATHBTIO  VIBttATIOM  AJfO  RESOKAMCE. 
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iQr  bowing  on«  string  and  [t'acing  tlie  riders  od  Uie  otiitr.  Thla  b 
Ol  inxtance  of  a  ^■eoei-al  principle  of  great  unporUmoe~-tlM(  a  vi- 
liratin^  U)dy  communicates  its  vil  rations  to  other  bodies  which  are 
apa)ili<  ot  vibrntinf;  in  unison  with  it.  The  propa;;ation  of  a  soand 
iDay  indued  l>o  rv^rarxked  aa  ono  fjnuid  viliraUou  in  unison;  but, 
baaidct  Ifae  general  wave*  of  prvjx^ation,  t\vn  ar«  wares  of  re- 


nt, ail— ttadaclluii  «f  <  BuaiiiBtc. 


in/urcemsnt,  dtto  Ut  the  itjucbronous  vibratiuiis  of  limited  portioon 
of  till'  traiii^milUiig  uiixlium.     Thts  in  the  principU:  of  rvaunanca. 

004.  BMonaoce. — By  applying  to  a  pendulum  originally  at  rest 
lA  aariog  of  vBry  ioMv  iuipul&cH.  at  iatorvala  precisely  eqnal  to  ibi 
iwUuTal  tiiao  of  vibiation,  w«  ahall  cause  it  to  swing  through  an  arc 
jiC  conailiuable  tnagtutuda 

^BIm  aainv  principle  applius  to  a  body  capable  of  executing  Tibra- 
Bna  uniU-r  tlt«  iuflunuce  uf  itA  own  elaoticity.  A  acvioe  of  faopabca 
IbMping  time  with  its  uwn  uatural  period  mayafit  it  in  powerful 
vibntioo,  though  aay  one  of  them  singly  wouUI  liave  no  appreciable 
Mflwrt. 

Some  bodi«,  sudi  as  Htrings  and  coaTmeU  portione  of  air,  hare 
dcflutte  periods  in  which  lh«y  can  x'ibraie  freely  wbon  once  atarted; 


J 
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and  wlicn  &  Dote  corresponding  to  one  of  these  periods  la  i 
their  neighbourhood,  they  readily  take  it  ap  and  emit  a  notol 
s&me  pitch  themselves. 

Other  bodies,  wpucially  thin  pieces  of  dry  straight 
Huch  att  ar»  employed   for  the  faces  of  violinii  and  th« 
boanU  of  pianos,  are  capable  of  vibrating,  uiort;  or  ItMS  frssly.iaj 
period  lying  between  certain  wide  limits.     They  arc 
in  vibration  by  all  tiio  notes  of  t3toir  respective  instranunti; 
tlie  large  iturfaee  wiUt  which  they  set  upon  the  air,  they  i 
in  a  very  high  d^ee  to  increase  tlie  sonorous  effect     All 
inHtruuienIs  are  conatructed  on  this   principle;  and  tbsir  i 
mainly  dept^nds  on  the  greater  or  leas  readinees  with  wUd  I 
respond  to  the  vibrations  of  the  atringa. 

All  such  methods  of  reinforcing  a  sound  must  be  ineloiMi 
rrtommee;  but  the  word  is  oft«n  muro  particularly  •pplt'd  k' 
reinforcement  produced  by  masses  of  air. 

905.  Longitadisal  Vibrations  of  Stfingi. — Strings  or  naai.] 
iilso  be  mode  to  vibrato  tojtffUu/HnaUi/,  by  rubbing  tboikAt] 
direction  of  thoir  length,  witli  s  bow  or  a  piece  of  cbarani ' 
covered  with  rosin.  The  sounds  Uius  obtained  aro  of  nBiiU^I 
pitch  t)ian  tliose  produced  by  transverse  vibration. 

In  tho  cose  of  the  fundamental  note,  eadi  of  the  two  hifMiiC 
C  B  (Fig.  6S0),  is  oltomately  extended  and  comprsisd.  <■*  ^  \ 

£ S S 


extended  while  tho  otiicr  is  compressed.  At  thft  midJlip^^ 
Uiere  is  no  extension  or  compression,  but  there  is  gruater  i 
of  movement  than  st  any  other  point  The  amplitadss  < 
passing  from  C  toward§  either  end,  and  vanish  al  Ibt 
arc  therefore  nodes.  The  extensions  and  compreanoiM.  <■  ^* 
liaud,  incroAso  as  wc  travel  from  tho  middle  towsi^  rilbtr^* 
obtsin  their  greatest  values  at  the  sods. 

But  the  string  may  hIko  divide  Itself  into  any  nomlmcti 
vibrating  segments,  just  as  in  the  case  of  transnos 
Fig.  6S1  represents  the  motions  which  occur  whoa  tb«i  i 
such  si^ments,  separated  by  two  nodes  D.  E.     The  appB  \ 
the  figure  is  true  for  one-half  of  the  period  of  vf  bntJoa.stii  A*f 
portion  for  tlie  rvutaining  half. 
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freqaency  of  nbraUon,  for  longitudiD&l  lu  well  u  for  trnm* 
vibrations.  ^-&ries  inversely  as  ibe  length  of  Ui«  vibrating 
or  se^ent  of  string.    We  sball  return  to  this  lulject  in  §916. 

t^ =^ 5 rz= t =1 ! 


ris  ML-lMwIladlnil  VlteMlah    AMToaa. 

Stritgad  Inatrameate. — Only  the  transversal  vibrations  of 
I  are  employed  in  music.  In  the  violin  and  violoncello  there 
or  ttriogs,  eacli  bviag  tun«d  a  tiflb  above  the  next  below  it; 
itenoedtate  notes  are  obtained  by  fingering,  the  portion  of 
between  the  finger  and  the  bridge  being  tlie  only  part  that  ia 

vibrate.  The  bridge  and  sounding-post  servo  to  tmnomit  the 
Qiui  of  the  strings  to  the  body  of  the  instrumi'nt.  In  the  piano 
B  abo  a  bridge,  which  is  attached  to  the  aounding-tjoard,  and 
inioatea  to  it  the  vibntions  of  the  wires. 

Transversal  TlbratiODs  of  Bifid  Bodies:  Rods,  Plates,  Bella.— 
ill  not  entor  into  detail  respecting  (be  laws  of  the  tran-tverse 
ona  of  rigid  bodies.  The  relations  of  their  overtones  to  their 
iwotal  tones  are  usually  of  an  extremely  complex  character, 
ia  &ct  is  closely  connected  with  the  unmusical  or  only  semi- 
1  character  of  the  Bounds  emitted. 

U  one  face  of  the  body  is  horizontal,  the  division  into  separate 
ng  a^gint-iiU  can  be  rendered  visible  by  a  method  devised  by 
il.  namely,  by  strewing  sand  on  this  face.  During  the  ribra* 
le  sand,  as  it  is  tossed  about,  works  its  way  to  certain  definite 
rhere  it  comos  nearly  to  rest.  These  nodal  lines  must  be 
kI  as  the  intcrsvetions  uf  internal  nodal  surfaoea  with  the 
>  on  whidi  the  sand  is  strewed,  eadi  nodal  surface  being  the 
biy  between  parta  of  the  )K>dy  which  liave  oi)posit«  motions, 
figures  composed  by  the.se  nodal  liniM  are  oft«D  very  beautiful, 
ite  startling  in  the  suddenness  of  their  production.  Chhuliu 
Ivart  published  tlio  forma  of  a  great  number.  A  complete 
ieal  explanation  of  them  would  probaUy  transcend  the  powers 
g^reatcat  matheniaticians. 

I  and  bell-glaasea  vibmte  in  segmental,  whidi  are  never  \am 
Qr  in  number,  and  are  separated  by  nodal  tinea  mooting  in  the 

of  the  crown.    They  are  well  shown  by  putting  water  lu  a 


freedotn  from  change,  are  well  suited  for  staa 
tuning-fork,  wlik'h  is  «|wci«lly  nsed  for  this  pt 
tiaDy  of  a  stcol  rod  Iwnt  double,  and  nttucbed  tc 
mnimnl  at  its  oootra.  Bcoidm  the  fundament 
of  yielding  two  or  three  ovcrtonct,  which  nre 
pitch;  but  these  are  never  used  for  imiittca]  pti 
ia  held  by  the  handle  while  vibrating,  its  mo 
long  tame,  but  the  sound  emitted  b  too  fainl 

by  holding  tho  m 
handle  is  prwact 
latlor  nets  as  a 
eommunicalim  tl 
air,  but  it  nlao 
eometnudi  man 
tJie  purposes  of 
fork  is  often  not 
box  (Fig.  CSS),  w 
rated  fratn  the  U 
tndia-nibbpr  tali 
then  xnbrattt  freely  in  uniRon  with  tJie  fork,  u 
loud  and  lasting.  TIte  vibrations  are  usually  M 
ing  tlie  fork  or  by  drawing  a  piece  of  wood  bo|? 
Tlir  pitch  of  •  tuning-foik  varirs  slightly  li 
coming  lower  as  the  temperature  risca.    Tbla  i 

fcriHino  tiacnraet  In  nxiuuiauin    haL 


flf.  m.— fork  on  Bouniltnt-bOK. 
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DR-froqncncios  arc  consequently  In  the  inverso  ntio  of  their  linew 

ioDs. 

Ib  Applying  th«  law  to  tlio  trMisvervA  \-ibrationa  of  stringa,  it  is 

be  underatood  that  the  stretching  force  per  unit  of  wctional  area 

I  flon»taiiL     In  this  caae  the  veloci^  of  a  pulae  (§  901)  i«  constant, 

the  period  of  vibration,  being  the  time  lequired  for  a  puUe  to 

av«t  over  twice  the  length  of  the  stiing.  is  tberefote  directly  as  tlie 

agth. 

910,  Or^an-pipsg. — In  organs,  and  wind-Uutruments  generally,  the 
body  is  a  column  of  air  eonfini.Hl  in  a  tube.    To  set  this  air 


yiK  •n.-ncidt  n»* 


nc«u-n**niaL 


vibration  some  kind  of  mouth-piece  mtui  bo  employed.    That 
ia  most  extensively  used  in  organs  is  called  the  jtuJ«  mouA- 
and  in  ropresonted,  in  cot^jutiction  with  the  pipe  to  which  it  u 
iduKl,  in  Figs.  623,  624.    It  closely  resembles  the  moutb-picoe  of 


■b  b  not  Um  Uih]*  luuiiA. 


KaglU  «>|n-b«IUim  luTa  no 
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open  at  tliv  upp<T  vml,  be  fixed  on  tlio  wind-dwst;  tet  tbe  i 
ing  key  be  ptil  down,  uul  the  vriml  gniduftlly  tDmod  oo,  bjr : 

of  the  code  below  tlie  i»ouCb>(>teoe.  Tb*;  fint  ooU  1«H 
vill  befeeblo  ami  doep;  it  ia  tJie  EundatuenlBl  noUUUf 
pipe  Ah  Htv  vidnd  ia  grndually  tunuid  [uU  on,  «■! » 
cr«aaing  proaorB  oftvrwMrda  applied  to  Uia  biUon* 
aeries  of  notes  will  be  hoard,  cadi  biglier  than  tti  pt- 
deoesBor.  These  ore  the  overtonM of  lii«  pipe.  Titji 
,  the  hsmiomcs  of  the  fuadomeotal  iioto;  thai  is  long'. J 
1  denote  Uie  freqcetic}'  of  Tibretion  ftir  llitt  fun 
bone,  tliu  f ivquuncii^  uf  vibtation  for  lLl-  uvcttwOM  vill  I 
approximately  2.  S,  4,  &  .  .  .  rcftpuctively. 

II.  Ovtrtonai  «>/  Stoj^»U  Pijiee. — If  the  mam  iBfakl 
ineot  be  tried  wiUi  the  pipe  A,  which  ie  oIoamI  iI  ft ' 
upper  end;    the  overtones  will   form   tlk*  maa  d^ 
bet-monicB  of  tbo  fundamental  note,  all   tbo  em  h^ 
niLinio  being  absent;  in  other  word.%  the  Ixvq9 
n      vibration  of  the  fundatnootal  Lone  and  overtuM 
I   I      approxttuatelj  repreoeoted  by  Uw  oariea  of  odd 
iff     1,3,5.7... 
tig.  nr.         It  will  alao  be  found,  that  if  both  pipe*  on  of  Ua  ■■  I 
(HOwttna  l<'°l?tb,  Utu  fundamental  note  of  ths  stopped  fig*'** 
oetave  lower  than  that  of  Uie  open  pipe. 
914.  Mode  of  PrDdnction  of  Overtooes. — In  thu  prodactioa  i' At 
overtones,  the  column  of  air  in  a  pipe  divides  itoelf  into  <ribalM| 
aegmente.  8eparat«d  by  nodal  crosB-eections.    At  equal  diituM* 
opposite  sides  of  a  node,  the  parttdea  of  nir  have  alwaya  ■qM*' 
opposite  TttlodtieB,ao  that  the  air  at  the  node  ia  alvan«u4«M'* 
t.-<]aal  forces  in  opposite  directioos,  aiwl  thus  retnoiiM  oaasn'  V 
their  action.    The  portion  of  air  eotutituting  ft  vibotfuf  if^ 
aways  alternately  in  opposite  directions,  and  a*  the  muiiui^fc 
two  consecutive  segments  are  opposite,  two  coniwcative  oeia  ■ 
alwayH  in  opposite  ooDditioux  as  regards  ooiaprevdoa  ood  exiia^ 
Tlio  middlu  of  a  vibrating  sctgrneDt  ia  the  plooe  wbon  lis  n^ 
tudo  of  vibratioQ  is  giesiest,  and   the  variatMB  of  dtfistj  k* 
1 1  may  be  called  on  aniinode.     The  ■''■**'k*  irosa  ods  Dsdi  Is  ik 
next  is  half  a  wave-length,  and  the  diHtanoe  from  a  nok  lo  u  ^^ 
node  is  a  quarter  of  a  wave-length.    Both  ends  ol  oa  epM  PP^*' 
the  end  next  the  inouth-piuce  of  a  stopped  [ii|iii.  imi  ■iilliiiifa  V^ 
preserved  from  changca  of  density  by  tlicir  fn»e  oommmiMlh*  *^ 


KTATIOHAKV   USDL'UT10:<. 


021 


I  fixbeiiul  ftir.    At  Uis  dented  end  of  a  stopped  pipu  ihvre  miul 

b«  «  nod*. 

n*  nrajing  to  mid  fro  of  the  mt«tTiodal  portions  of  otr  between 

nodal  |tlan«a,  w  an  example  of  atutionary  undvJatiau;  and  the 

tjon  of  a  Diuaioal  string  is  anuther  example.     A  stationary' 

luUtJoo  may  always  be  analysed  into  two  component  undolations 

and  aimiiar  to  one  anoUier,  and  travelling  in  oppoute  direc- 

■,  tlieir  common  wavc-Ionj^li  heuij'  duublu  uf  the  disUutcn  from 

le  to  oodo  (^  S87).    TheSM  undulations  are  eonstantJy  undcr;going 

I  ftoni  the  endt  of  Uic  pipe  ur  siting,  and.  in  the  caae  of  pipes, 

'  mfleotioa  b  opposite  in  kind  according  aa  it  takes  plaee  from  a 

I  or  an  open  end.    In  the  former  case  a  condt-'naatiou  propagated 

the  Mid  ia  i«floct«d  a^  a  condcnaatiOD.  the  forword-movii^ 

I  baing  eonpatled  to  recoil  by  the  reaistaooe  which  they  than 

>uoter;  and  a  rarefaction  i»,  in  like  niannor,  rellectod  as  a  rare- 

On  the  other  hand,  when  acopdenaataon  an-ivea  at  an  open 

the  saddan  opporlimity  for  expanstoo  which  ia  aSbrdod  eauaos 

outward  movement  in  exoess  of    that  which  would  suffice  for 

ibriuDi  pf  preasure,  ami  a  rarefaction  is  thus  produced  which  is 

kt4.-iJ  l>ack  through  the  tube.    A  condeiuuitiuu  is  thus  rellected 

I  a  numfactiun;  and  a  rarefaction  is,  in  like  nuumer,  reflected  as  a 


Tlie  period  of  vibration  of  tlie  fundamentaJ  note  of  a  stopped  pipe 
the  time  required  for  propagating  a  pulse  through  four  times  the 
of  the  pipo.  For  lot  a  condensation  bo  suddenly  produced  at 
lower  end  by  the  action  of  tlie  vibrating  lip.  It  will  bo  pro- 
to  the  closed  end  and  rellected  back,  tlius  travelling  over 
the  length  of  the  pipe.  On  arriving  at  the  aperture  where  the 
t  is  situated,  it  is  reflected  as  a  tarefactiun.  Thin  rarefaction  travels 
the  d'MCd  end  and  back,  as  tlio  oondeiuatiun  did  before  it,  and  ia 
reflected  from  the  aperture  aa  a  oondensstion.  Tbinga  are  now 
.  their  initial  condition,  and  one  complete  vibration  lias  been  per- 
The  period  of  tlie  movements  of  the  lip  is  det«rTninc<l  by 
arrival  of  these  alternate  oondettsations  and  rare&ctionn;  and  the 
lin  its  turn,  serves  to  divert  a  portion  of  the  eneiigy  of  the  blant, 
I'Wuploy  it  in  maintaining  tlio  energy  of  the  vibrating  column. 
The  wave-length  of  Uie  fundamental  note  of  a  stopped  pipe  is  thus 
nr  times  the  length  of  the  pipe. 

In  an  open  pipe,  a  condensation,  iitArting  from  tlio  mouth-pieeo,  ia 
(flectod  from  the  other  end  as  a  rarefaction.    This  rarufaetion,  on 
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reaching  the  D)ou(b-pieco,  is  rcfiected  as  a  GondensaUun;  aad 
are  thus  in  thvir  initial  atute  after  Uiu  length  of  the  pipo  hu 
travoi:»cd  twice.  The  period  of  vibration  of  th«  fundameDta]  not*  ii 
accordingly  Uie  time  of  tntveUiqg  over  twieu  tho  length  of  Um  ftft; 
aad  its  wave-length  i^  twice  the  teogtli  of  the  pipe.  lo  tttrj  <m 
of  longitudinal  vibration,  if  the  reflection  is  alike  at  botbcodat^ 
\Tave-length  of  the  fundamental  tone  is  twice  the  diatukoe  UWm 
the  ends. 

916.  Explanation  of  BoraouUi'e  Laws. — In  iuveetigattai  lb 
thoorotical  relation^)  hctvrccn  tho  fundamental  tone  and  orcrtdHilv 
a  pipe  of  cither  kind,  it  is  eonvciuunt  to  bear  in  mind  that  tlw 
tanco  from  an  open  cn<I  to  tlie  Dearest  node  is  a  quarter  of  a  'n>^ 
lenglh  of  tlie  note  emitted. 

Ill  tlie  cfliie  of  the  open  pipe  the  flr&t  or  fundamental  tootrnfim 
one  node,  which  is  at  the  middle  of  the  length.  The  wwoimI  Mi 
requires  two  nodes,  witli  half  a  wave-length  bt:tweea  then.  ^ 
each  of  thum  is  a  quarter  of  a  wavo-[i-ii},'th  from  the  nearwt  mi  I 
quarter  wave-length  lias  tlms  only  half  the  len^rth  wtueh  it  WI* 
tho  fundamental  tone,  and  the  frequency  of  vibraUcn  ti  timi^ 
doubled. 

The  third  tone  requires  three  nodes,  and  the  dJ8t«nc«  from  etlkvii 
to  the  nearest  node  is  i  of  the  length  of  the  j>i[H;,  inst«d  nf  j  ^ 
length  as  in  the  case  of  tlie  first  tone.  The  wave-ton^  it  ^ 
divided  hy  3,  and  tho  fre(|uency  of  vibration  is  incnaaed  AnH^ 
Wc  con  evidently  account  in  this  way  for  the  productida  Mtt 
complete  aeries  of  hannonica  of  the  fundamental  not& 

In  the  case  of  the  stopped  pipe,  the  mouth-pieee  is  alwajv  JiMI 
a  quarter  wave-length  from  the  nearest  node,  and  tliti  lanA  Wfr 
tant  an  even  number  of  quarter  wave-lengtlis  from  the  Ooffti^ 
which  is  itself  a  node. 

For  the  fundamental  tone,  a  quarter  wav&-Iength  ii  Iht  «h* 
lengtli  of  the  pipe. 

For  the  neeond  tone,  there  is  one  node  hesidus  tliat  at  IIm  d*^ 
end,  and  its  distance  from  the  open  end  la  )  of  tlie  length  iif  tltt  f^ 

For  tho  thin)  tone,  there  are  two  nodes  beetdea  that  at  lbd>^ 
md.  The  distance  from  the  open  end  to  tfau  Dearaat  nuk  >i  <^ 
fore  -t  of  the  length  of  the  pipe. 

Tho  wave-lengths  of  the  Hucocmive  tones,  hevinniBg  «itt  ^ 
fundamental,  aro  therefore  as  1.  i.  i.  f  •  •  .  ,  and  tbiit  vfloti* 
frequencies  are  on  1,  3,  5,  7  ..  . 
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Alfto,  ninoo  tlio  wavc-K-iigtIi  of  th«  fuad«ment«l  to»o  is  four  titu<w 
jUio  loDgUi  uf  tlie  i>ii>e  if  ntopjied,  and  only  twice  its  length  if  opeo,  it 
ol>\'ious  thst  the  wave-length  is  lialved,  and  tlie  frequency 
TibnUon  doubled,  by  unstopping  the  pipe. 
No  chaogB  of  pitch,  or  only  vcr^-  iilight  diaagc,  will  ba 
Juoed  by  initurting  a  solid  pnrtilion  at  a  nodo,  or  by  put- 
:  ut  autinodc  in  free  commuaicatton  with  the  external  air. 
prindplea  can  be  illustrated  by  means  of  tlie  jointed 
ipe  represented  in  Fig.  628. 

Application   to  Hods  aad  Btrinfs. — The  same  lan-s 

Hi  appiy  to  open  organ-piiM-s.  aW  *pj>ly  to  the  longi- 

itliiuil  vilirationH  of  rodri  free  at  both  ondn,  and  to  botli  tJu- 

igitadinal  and  tranaverso  nbrationx  of  atringit.    In  all  tlies« 

Oie  ovortonee  form  the  complete  series  of  harmonics  of 

first  or  fuDdamcDtal  tone,  and  the  period  ot  vibration 

'  this  fint  tone  is  the  time  occupied  by  a  puW  in  trnvcl- 

ov«r  twice  the  length  of  the  given  rod  or  string.     In 

I  casa  of  longitudinal  vibrations  the  velocity  ot  a  puLte  U 

\y  U  denoting  tltv  valoo  of  Younffa  nodulua  for  th«s 

or  string,  and    D  its  density.      This    is  identical  with 

velocity  of  sound   through  the  rod  or  string,  and  is 

adent  of  it»  terudon.     In  the  caau  of  transvonw  pulses 

A  string  (rcgardisl  as  perfectly  Hexibto),  tlio  formula  for  tlto 

city  of  transmiasion  (1)  §  flOI,  may  be  writt«D  v/g-  ^  dcnot- 

tim  stretching  force  per  unit  of  sectional  area.    T1i«  ratio  of  the 

BF  velocity  to  the  former  is  ^a,  which  is  always  a  small  frac- 

since  j^,  expreases  tlie  fraction  of  it«olf  by  whicli  the  string  is 

tigUicn«d  by  the  force  F. 

If  a  rod,  fro«  at  both  en^la,  Is  mad«  to  vibnite  longitudinally,  iU 

I  and  antinodtn  will  bo  diHtribnted  exactly  fn  the  same  way  as 

I  of  an  open  organ-pipe.    The  experiment  can  be  prrformed  by 

Idlng  the  rod  at  a  node,  and  rubbing  it  with  roouied  cluuuois 

Dor. 

917.  AppliestfoB  to  Heasaremont  of  Velocity  in  Oases.—  Let  v  dcnot*' 

rolucily  of  sound  in  a  |>articular  gas,  in  foot  per  second,  X  the 

•Ungth  of  a  particular  not«  in  this  gas  in  feet,  and  n  the  fn- 

of  vibration  for  tliis  note,  that  is  Uio  number  of  vibratiooa 


ni  SK 
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per  scconJ  which  produce  it    Tbi-n  X  is  the  distance  timnUad  b  - 
of  a  second,  and  the  distanco  travelled  io  a  second  i» 

For  the  same  note,  n  is  ctmstant  for  ail  media  wbaterer,  aiad  t  mia 
directly  as  K  The  velocities  o£  eound  in  two  gaan  nay  thu  W 
compared  hy  ohnerving  tlio  luQgUiit  of  vibrating  colanut>  uf  tiii  im 
gB«(Ht  which  give  the  samn  not^;  or  if  columns  oi  equal  iMglfcb 
employed,  Uie  velocities  will  be  directly  as  the  froqttaiiQM  of  vA» 
tion,  which  are  determined  by  obeerx'ing  the  pitch  of  1^  atm 
emitted. 

By  Uie«e  methods,  Dulong,  and  more  racentlj  T» 
theim,  have  detenninvd  the  velocity  of  aoond  in  mmi 
dilterent gosea.  Thefolloviagaru Wertheim'simlh,* 
metres  per  second,  the  gaaes  being  supputwd  to  baMf  C 
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Thanmapnac^* 
applicable  to  hfUt 
and  aoiidi;  lal  il 
was  by  ucaoiflfib 
loD^itadiaal  ite 
tiooa  iif  ind*  ^ 
the  velodtka  p*« 
in  §  SaO  wm  ■» 
tainod. 
918. 
Infiioad  at  tht 
moath^piMi 
duacribcd/KEU-f^ 
are  oflea  foisiM 
witli  what  9  aM 
a  rted.  Aim1<» 
tainaadMlieiMi 
MFigB- 09.  Watt- 
ed the  txmgi4.  ffUii 
by  ita  vibilkmi)' 
temately  opens  and  closes  or  nearly  cicees  aa  apertan  Qin^  wW 
the  wind  passes.    In  Fig.  629,  the  air  from  the  bellows  atn  6^ 
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M  lower  part  t  uf  t)ie  pipe.  &nd  thence  (wlicii  permitted  \ty  tlie 

ague)  paaies  through  tlie  cluuinvl '  r  into  tlto  upper  part  t'.      The 

tiff  wire  c,  movable  with  considerable  Erictioo  through  tli«  holu  b. 

imite  the  vibrating  portion  of  the   tuiigue,  and  is  enijiloytH]  for 

Beed-pipes  at«  often  terminated  above  by  a  trumpet-shaped 

A  ttriJcinff  rtetl  (Fig.  €89)  ui  oti«  whono  tongue  dosoB  the  aperture 
r  covering  iL  Tliu  tongue  nhould  be  so  Bhapod  M  not  to  strike 
uog  iu  wliole  length  at  onoo,  but  to  roll  itself  down  ova-  the  apor* 
In  the  /r«  ixed  (Fig.  C30)  the  tongue  can  pass  oomph'tt-ly 

Th«  utrtking  roed  is  generally  preferred  in  organs,  its  peculiar 
iracter  rumU-ring  it  very  efluctivo  by  way  of  contrast  It  is  always 
(or  till-  fruni/W  xtoih  Kecd-pipve  can  be  vety  strongly  blown 
it  breaking  into  overtones,  llieir  pitch,  however,  if  they  are 
'  Ibe  striking  kind,  is  not  ind^endant  of  tlie  prenare  of  (he  wln<I, 
I  gradually  rises aa  the  pressure  increases.  Free  reeds,  nhich  are 
for  barmoaiunis,  accordions^  anil  concertinas,  du  not  change  in 
Iteb  with  clianj^  of  premura 
Kh'vntioo  of  temperature  sharpens  pipM  with  flute  moiith-piocn, 
Ikttens  reed-pipea.  The  sharpening  is  due  to  the  inereased  ve)o< 
of  Mttod  in  hot  air.  The  flattening  li  due  to  the  diminished 
ticity  of  the  metal  tongue.  It  is  thus  proved  thst  the  pitch  of  a 
•pilM  is  ttot  always  that  due  to  the  free  vibration  of  the  inclosed 
r,  but  may  be  modified  by  the  nctton  of  the  tongoc. 
919.  Wind-iiiatnu&eilta. — la  all  wind-in-tlrument*,  the  sound  is 
kted  by  one  of  the  twomethods  just  described.  With  thcHute- 
I  must  be  doased  the  flute,  the  fia^^let,  and  the  Paadean-pi[>(.-8. 
Fdartooet.  hautboy,  and  baasooa  have  ro«d  mouth 'piccu;,  the 
Ing  tongue  being  a  piece  of  reed  or  cane.  In  the  bugle,  trunt- 
.  and  Frcnch-honi,  which  are  uuiru  tubes  without  keys,  the  lips 
the  [lerfonHer  net  a.t  the  ivod-tongue,  and  the  notes  produced  are 
jximately  the  natural  overtonea  TlMee,  when  of  high  order,  are 
together,  that  a  gamut  can  be  formed  Ly  properly  seloctiug 
im  among  them. 

The  6ngoring  of  tlie  fluto  and  clarionet,  lias  the  effect  •oueliniea 
aUvriog  t].e  oflectivo  lengtli  of  the  vibrating  column  of  air.  and 
ttiuee  of  determining  the  production  of  overtooea      In  the 

'  Th*  i4m«  r,  wklch  I*  •ptmnlMAUly  •  li»l(  mUnibr,  It  aUti  tha  rod  bj  JtfB»> 
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a  second  tuning-fork,  which  vibrates  in  a  horixontal  pUiw.  u ' 


Fig.  633.    ir  ttiU  foHc  vihrttes  alone,  tim  image  will  movs  UH 


Fro  bonzootallj'  preaentiDg  the  appearaooe  of  n  hunaDoUl 
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.  which  gmdtully  shorUns  lu  Iho  vibmtions  <Ii«  awAv.    If  both 
vibrato  sioiultaiieoiuly,  Ui«  spot  of  light  will  t'uk  luid  fall  la- 
ding to  the  movements  of  the  first  fork,  and  will  travel  left  anil 
!it  aooording  to  the  movements  of  the  second  fork.     The  curve 
Jly  described,  ba  the  resullaot  of  these  two  component  motions, 
often  extremely  heautifal.  Some  \-arieUoB  of  it  are  represeDted  in 

93*. 

iait«ad  of  throwing  the  curves  on  a  screen,  we  may  see  thorn  by 
oking  into  the  second  mirror,  eitlier  with  a  teleaoope,  aa  in  E^g.  63^. 


nt.  BH.-  IJm^Ii^'  rttum.  ('■Uao.  OtUv*.  (Ml  rmiL 

the  naked  eye.    In  this  form  of  the  experiment,  a  lamp  »ur- 
Jed  by  an  opaque  c^'Under,  pierced  witlia  sinnll  holejuHoppodte 
ac,  aa  reprasfntcd  in  iho  figurv,  i»  a  vun-  convenient  Muroo 
It 

Tbe  movement  of  the  image  d«pen<I)i  alRKnt  entirely  on  the  nngulnr 
ito  of  tlia  mirrors,  not  on  Uioir  movements  of  timn&lation; 
I  Iha  dUtinctioD  is  of  no  importance,  for,  in  the  case  of  such  small 
ents,  the  linear  and  angiiUr  changua  may  be  regarded  as 
ielly  proportional. 

Either  fork  \-ibrating  alone  would  cause  tlie  intage  to  execute 
hanwmie  motion  (§§  100-1 1 1),  or,  an  it  may  conveniently 
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be  called,  timpU  Hbratum;  so  tiuit  the  moTMne&t  actually 
will  be  the  resultant  of  two  nmple  hannonie  moUons  is 
perpendiouUr  to  each  other. 

Suppose  the  two  forks  to  be  in  unison.  Then  the  two  stmiila 
mooic  motions  will  have  tho  sam<;  period,  and  the  path  dnetU 
will  alwuytt  bo  some  kind  of  ellipse,*  tlio  circlft  and  strmight  Use  bog 
included  as  particular  cases.  It  will  be  a  straight  Him  if  both  fgdb 
pass  through  their  positions  of  e<iuiltbrium  at  the  aame  iaaUaL  b 
order  that  it  may  be  a  cirde,  the  ampUtades  of  the  two  simple  ht 
monic  motiona  must  be  equal,  and  one  fork  must  be  in  a  posttkai' 
maximum  dieplacomont  when  the  other  Ls  io  the  poBrtioa  of  •;■■ 
Ubrtum. 

If  the  onisoa  wore  rigorous,  the  curve  once  obtained  wodd  tcawi 
unehanged,  except  in  90  tar  as  iU  breadth  and  height  becune  nimd 
by  the  dying  away  of  the  vibrations.  Bui  this  perfect  unba  i> 
ncvor  attained  in  practice,  and  the  eye  dvt«cts  changea  itftob^ 
on  differences  of  pitch  too  minute  to  be  pcrcvircd  by  tb»  mr.  Ito 
changes  are  illustrated  by  the  upper  row  of  forms  in  Fig.  CM.  tm- 
mencing,  .Hay,  with  tlie  sloping  straight  line  at  the  left  haod.  «^ 
gradually  opens  out  into  an  ellipae.  and  afterwards  contrscb  isbt 
straight  line,  elopiug  the  opposite  tvay.  Tt  then  retraca  iU  M^ 
tho  motion  being  now  in  opposition  to  tliu  arrows  in  the  6giBi.M' 
then  repeats  ilie  same  changes. 

If  the  interval  between  the  two  forks  is  an  oct«ve,  we  shall  oMi 
the  curv^  represented  in  the  second  row;'  if  the  inurral  ii  1  £Bi. 
we  shall  obtain  the  curves  in  the  lowest  row.  In  each  oaw  tha  ori« 
of  tho  changes  will  be  understood  by  proceoding  front  left  to  li^ 

*  Kmploj'ing  horiEODUl  uid  nrtio«l iiljintiw.  iiiiil  ilwiiiliin^  lln  MiipBlwiw  tf  n^ 

b,  we  liave,  in  tha  CMo  of  unbon,  '=iliifl^  t  =  «fai<f  4-j9\irb««^daaiM  A>Mi^ 

of  pbuis  uid  #  ia  Ml  ugle  ntrjing  dltoetly  m  tlia  UoMk  *"'— ^tnllnt  fl  ■*  •*■*  * 
oquMion  to  ui  *\ilfta,  whoM  (am  •od  *Tir'*'"~*  dapMid  ap(«  Ite  fn^  V* 
tin,  0,  b,  p. 

'  Tbo  mldcUo  mat*  t»  this  tow  la  »  pwtMs  mJ  eemqiaiid*  u  lh«  dhrUM'* 
bMwMtt  tba  ei^iution*  -son  9tf,  ^=i>mA  Hm  «OiAclaM  1  MhalBAlkA 
(rvqusncy  of  horiionUl  u  Dompand  *iUi  vntioil  Tibntfcna 

The  gvQonl  (>]iutloni  to  Unajooa*  Bgun*  >ra    -  =  •!&■#,    ^Bd^laftA^** 

uidii&nipropi>itian»II«lbBtnqu«ndMeibc«iidaUt  mmI  iwIImI  tfWaMflK  TWpM 
chkngn  from  ono  6^rg  to  Miotlwr  dcptftd  «n  Uie  fnukuJ  «tjin»  •<  A  lai  li  Ai  t^ 
oil  be  iiuoribeil  in  a  r««Uni;Ie,  whoM  Imgtb  nil  tt«ritll  m*  3«  mtX  IV 


opncu.  TUHiMa 
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'^and  tbea  back  sgun;  but  the  corves  obtaini.-d  in  returning  will  be 

[Dvertod. 

928.  Optical  Toning. — Bj  tb«  Aid  of  tliesc  prindplM,  tuning-forlu 

bo  com[>«nMi  wiUi  a  staniliir)  fork  with  much  grcAter  prvcUuon 

wouU  be  attainable  by  car.     f'*ig.  G^i  repreaenU  »  convenient 


n»  W.— U|>U<«1  Oiui|iwlns  tt  TulafJMU 


i«at  for  this  purpofi«.     A  lona  /  ta  attached  to  <mo  of  the 

of  R  st«n<lard  fork,  which  vibrat4-A  in  a  horizont&l  piano;  and 

av«  it  ia  fixn)  an  eye-piece  g,  the  cotahiiiation  of  tliu  two  being 

ininJent  to  a  niicroscopc.     llie  fork  to  l>e  compared  lh  placed  up- 

Iti  beneath,  and  ^-ibratee  in  a  vertical  plane,  the  end  of  one  prong 

in  the  focus  of  the  mierosct^    A  bright  point  nt,  produoed 

making  a  little  BCtst«h  on  the  end  of  ibo  prong  with  a  dismoDi), 

ob«orvcd  through  the  microscope,  an<l  tn  illuminated,  it  necwaaiy, 

convcrj^ng  a  beam  of  light  upon  it  through  the  Icna  e.     Wbeo 

ia  forks  ar«  aet  vibmting,  the  In-ight  point  is  aeen  as  a  tununoua 

llipa«,  whcHe  pemianenoo  of  form  ia  a  test  of  the  elcaeneas  of  the 

TIio  e1li[K>e  will  go  through  a  complete  cycle  of  ehangen  in  tlie 

at  r«<inirr<d  for  one  fork  to  gain  a  complete  vibration  on  the  other. 
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984.  Otliflr  Modas  of  prodaelss  Iiissajou'  ri^orM.— An  una^ 
ment  devised  in  1644  liy  Frofettsor  Ulackbura,  of  Glasgow,  Umd» 
student  aX  Cambridge,  etlbrdii  a  very  vasy  mode  of  obt^nio^  b;  i 
alow  motion,  tiic  xaine  »erie»  of  curves  wUcb.  in  tbe  above  umtft- 
mcnts,  are  obliLintul  hy  a  motion  too  quick  for  tbe  eye  to  foUow.  A 
cord  ABC  (Fig.  636)  is  fastened  at  A.  and  C.  leaving  more  or  tc» 


4d 

^tock,  according  to  the  curves  which  it  u  desirod  to  obuia;  ■■ 
to  any  intermediate  point  B  of  the  oord  another  ithng  b  liil 
tarrying  at  iU  lower  end  a  heavy  body  1)  to  aerva  m  padita» 

lX)b 

If,  when  the  ^rstem  is  in  equilibrium,  the  bob  is  drawn  mSt  • 
tbu  plane  of  A  6  C  and  let  go,  it  will  exccnto  vibnUknt  in  di* 
plane,  the  point  B  remaining  etationaiy,  «o  that  the  Inaytb  ti  dti 
pendulum  in  BI>.  If,  on  tlie  oilier  hand,  it  be  drawn  and*  b* 
plane  perpendicular  to  tlie  plane  ABC,  it  will  vibraM>  in  thif  fV 
pendtcular  plane,  carrying  the  whole  of  the  string  with  it  ■* 
motion,  bo  that  the  lengtlt  of  tlie  pcndalom  is  the  diitaim  rf  tkr 
bob  from  the  point  E.  in  which  tlio  stnugbt  line  AC  it  art  t^M 
produced.  The  frequeociea  of  vibration  in  tbe  two  caaw  «3  k 
inversely  as  the  square  rooU  of  the  pendolani-lengths  B  D.  ED. 

If  the  bob  is  drawn  aside  in  any  other  direction,  it  wHl  not  vftnA) 
in  one  plane,  but  will  perform  niovernvntu  oomponnded  of  tbt  m 
independent  ntodmof  vibration  juHt  described,  and  will  tbndaaS* 
corvee  identical  with  I.t!t(^jou.V.  IC  the  ratio  of  ED  toBD  bafldj 
equal  to  unity,  as  in  the  left-hand  figure,  wfl  ehall  have  carvm  IF 
responding  to  approximate  unison.  If  it  be  approzimab^y  i  ■  ■ 
the  right-hand  ti^ro,  wo  shall  obtain  tlie  ctUTot  of  the  oSMa 
of  the  curves  can  be  obtained  by  employing  for  th*  brirt 
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reeael  oonUining  aanJ,  which  runs  out  through  a  funncl-sliapod 
opening  at  tb«  boUotu.' 

The  corvoA  mn  dao  bo  exhibited  by  fixing  ii  straight  vImUc  rod 

at  ODtt  eod,  %ad  uusJDg  tb«  oth«r  end  to  vibrato  trmnsvonely.    ThiH 

ru  the  etrlieat  known  method  of  obtaining  tlit^m.    If  tlie  flexuial 

pdi^  of  the  rod  b  precisely  the  same  for  all  tnmaverse  directions, 

b«  vibrations  will  be  executod  in  one  plane;  but  if  there  be  any 

lunlity  tn  this  reep«ei,  tb«r«  will  bo  two  uutualty  perpi-ntHcuIar 

QQi  posMSking  tlM  same  proportjw  as  the  tn-o  pniicipal  din.'C- 

:  of  vibration  in  6Uckbum*s  pendulum.    A  mnall  bright  metal 

is  osuallj  fixed  on  the  vibrating  extremity  to  tender  its  path 

uble.    The  instrument  constructed  for  this  mode  of  exhibiting  Uie 

ins  is  called  a  kaleidophont.    In  it«  best  form  (devised  by 

Barrett)  tho  uppvr  and  lower  halves  of  the  rod  (which  is 

tioal)  are  flat  pieoca  of  steel,  with  ihvir  planes  at  right  angles, 

a  HtiLud  is  provided  for  oUmping  the  lower  piece  at  any  point 

ita  length  that  may  be  deaired,  so  aa  to  obtain  any  reijuired  oom- 

Ittnation. 

925.  Chvsoter. — Character  or  timbre,  which  we  have   already 

ftflned  in  Jj  889,  most  of  nocUMity  dupcnd  on  tho  form  of  tho  vibra- 

.  of  tlio  aerial  particles  by  wtiidi  sound  is  transmitt«d,  the  word 

being  tued  in  Uie  metaphorical  sense  there  explained,  for  in 

literal  aense  the  fomi  is  always  a  straight   tine-     When  the 

of  denaity  are  represented  by  ordinat«s  of  a  curve,  as  in 

003,  the  form  of  this  curve  is  what  is  meant  by  tho  form  of 

ibratton. 

subject  of  titnhre  has  boon  very  thoroughly  investigated  in 
it  yean  by  Helniholtz;  and  tlto  results  at  which  he  has  oniTod 
I  now  generally  accepted  as  oorrect. 

Tho  firet  essential  of  a  musical  note  in,  that  the  aerial  movements 
jrhtch  constitute  it  shall  be  strictly  periodic;  that  is  to  say,  that 
vibration  sltaJI  bo  exactly  like  its  sacoesaor,  or  at  all  ovents, 
t,  if  there  be  any  deviation  from  strict  periodicity,  it  sliall  bo  so 
lual  as  not  to  produco  sensible  didaimilarity  between  Mvenl  con- 
ative  vibrations  of  the  same  particla. 
There  is  scarcely  any  propoaititm  more  important  in  its  application 


'  Ur.  IluUrl  Mrj  hw  obuinod  mrj  bwnlltuJ  tnon  b;  OUoklaf  s  (Ism  pM  to  Ih* 
(M*  .Voter*.  Aiig,  17  tad  Sft.  T,  1671).  tad  k  lUay'i  Jmmntgnfk  th*  mm* 
b  bbulstd  bf  luuw  ut  tvo  pkhImIub^  «im  at  which  hidtm  the  t^ft  wad  iIm 
■Uwpaa. 
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It  is  important  to  remark,  that  Uiough  the  preseikce  of 
Bubdl^'iuona  iu  n  vibrftUag  body  occMS&rilj  prodooas  hinudifl 
the  •Dond  «mitt«d,  the  convente  cannot  be  asserted.  KtnpU  vflici- 
tiona,  executed  by  a  vibraUug  body,  produce  vibratiooa  of  CA«  mm 
fetqvi£ncy  aa  their  o\Tn,  iu  any  medium  to  vrhich  thvy  an  Ui» 
inittod,  but  not  necessarily  nmp^  vibrations.  If  they  jirodaw  ca» 
pound  vibrations,  these,  ns  we  have  sc«n  (§  035),  must  eoDOSt  d  ( 
funflamcntal  »tmp!tt  vihrnlioii  and  ibi  hamionios. 

926.  Helmboltz'a  Resonators.— Helmholtz  derivtd  material  til  a 
hiei  researches  from  an  imitrument  devised  by  himself,  and  oalMi 
fMonator  or  r«9onan««  gVAe  (Fig.  638).    It  in  a  hollow  globe  of  Uii 


brass,  with  an  opening  at  each  vn<),  the  hkrgcr  one  acning  fi«  d» 
admission  of  sound,  while  the  smaller  one  is  inlrtxluood  bttotlwat 
The  inoIoKcil  mass  of  air  iiaa,  like  the  oolumn  of  air  in  an  <K{SB-fip 
a  particular  fundamental  note  of  its  own,  depending  upcn  it>  9M. 
and  whenever  a  note  of  thia  particular  pitch  is  sounded  is  its  BM^t 
bourhood,  the  inclosed  air  tak<»s  it  up  and  iutumdlies  it  by  wuMflw 
In  order  to  test  the  pieeenoc  or  absuncc  of  a  particular  baraav  a 
a  given  mu-tical  tone,  a  resonator,  in  unison  with  this  hansaeit  • 
applied  to  the  ear,  and  if  the  resonator  speaks  it  ia  IcDoim  tW  tk 
harmonic  is  present.  These  instmmenta  are  oommooly  1'rnrt'*^ 
so  as  to  form  a  series,  whoee  notes  correspond  to  iIm  Imm  C  of  * 
man's  voice,  ajid  it^  successive  harmonica  as  far  aa  the  lOtfa  V  Ufc 

Koenig  has  applied  the  principle  of  inanomutric  flatnta  lot 
large  number  of  peraona  to  witness  the  aualyais  of  aoonds  by  i 
tors.    A  series  of  6  resonators,  whose  notes  hare  frequanass  | 
Uonal  to  1,  2,  .*),  4,  5,  6,  are  fixed  on  a  stand  (Fig.  03V).  and  dV 
smaller  ends,  instead  of  being  applied  to  the  ear,  an  oonosctod  mA 
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,  •  Mparmto  manometric  capsule,  which  acta  on  a  gas  jet  When 
mirron  are  tiime<I.  it  is  easy  to  see  which  of  the  fiamea  vibrate 
I  a  Mnoroos  body  is  ]>as9cd  in  front  of  the  resonatoni. 


lioph  tone,  Dnaooompuiied  by  harmonics,  is  doll  and  umnter> 
I,  aad,  if  of  low  |Mteh,  ia  very  destitute  of  peDetrating  quality, 
oompooed  of  the  flrat  aix  elementary  tones  in  fair  propor- 
>.  01%  rich  and  sweet. 
!te  litglier  hannonica,  if  aufficiently  subdued,  may  also  be  present 
liont  sensible  detriment  to  sweetoesa,  and  are  useful  as  contribul- 
to  expression.     Whoo  too  loud,  they  render  a  sound  ttarah  and 
an  cfli-ct  which  ia  easily  exptiuued  by  tho  rlixcordaut  com- 
which  tJicy  form  oito  witJi  anotliur;  Uic  8th  aixl  &th  tones, 
\  •xamplo,  are  at  the  tone  intorval  as  the  notes  Do  and  Re. 

Towel  Souodfl. — The  human  voice  Lh  extremely  rich  in  bar- 
I,  as  niay  be  proved  by  applying  the  aeries  of  resonators  to  the 
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to  revolve  and  at  the  same  time  to  travel  longitudinally,  u  the  ult 
on  which  it  is  mounted  is  a  screw  working  in  a  fixed  nai  The  ■^ 
face  of  the  cylinder  is  also  fluted  screw^-fasbion,  the  di'rtiiTM^  betwiA 
its  flutings  being  the  same  aa  the  distance  between  tlie  thnaditi 
the  axle.  A  is  the  diaphragm,  of  thin  sheet-iron,  having  the  rtiit 
fixed  to  its  centre  bat  not  visible  in  the  figure^  The  diaphngm  nd 
funnel  are  carried  I^  the  frame  D,  which  torus  cm  a  hinge  A  At 
bottom.  C  C  are  adjusting  screws  for  bringing  the  style  eiKt^ 
opposite  the  centre  of  the  groove  on  the  cylinder,  and  another  bcv 
is  provided  beneath  the  frame  D,  for  "iftVjng  the  s^le  pngxl  ■ 
far  as  to  indent  the  tia-foil  without  piercing  it.  The  tin-ful  ■  ft 
round  the  cylinder,  and  lightly  fastened  with  centent,  so thititM 
be  quickly  taken  off  and  dianged. 

In  another  form  of  the  instrument,  the  rotation  of  ihe  ej^almi 
eflected  by  means  of  a  driving  weight  and  goTemor,  which  giniti 
constant  velocity.  This  is  a  great  advantage  in  re[aodueiif  ^t 
but  is  of  little  or  no  benefit  for  speech 
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929.  Concord  and  DiMord. — Evvry  oo«  not  atUtrly  dcstitiito  of 
iDsieitl  ear  Li  futDiluir  with  Ihv  ftict  ihut  certain  notes,  when  soundcJ 
Btb«r,  produ«e  a  ]ileAtiing  tiffixi  by  Uieir  oomblnation,  while  oer- 
I  oUietB  produce  an  unpleasing  ^iTecU  The  combioAtiun  uf  two 
nor*  Dotce,  when  agreeable,  is  called  coneord  or  eonxmance; 
dingrvAoblo,  dueord  or  ttiaaoTumce.  The  duttindion  is  foantl 
I  depend  almoei  ontireJy  on  diflTcrcnoc  of  pitch,  that  in,  on  roUitivu 
Itwneyof  vibration;  so  tliat  th«epith«tA  cmuionant  anddihsonant 
with  propriety  be  applied  to  int«r\-alfl. 
The  following  inten'als  are  consonant:  unisoa  (1 : 1),  octave  (1 :  S), 
tre+Gftii  (1 : 3).  double  octave  (I ;  i),  fifth  (S :  3).  fourth  (S  :  4). 
The  major  third  (4 : 5)  and  major  aistli  <3 : 5),  togetlinr  with  th« 
nor  tliird  (5  :  G)  and  minor  sixth  (6  : 8),  an  less  perfect  in  their 

mauce. 

Tbe  aoeond  and  the  seventh,  wbotfacr  major  or  miDor,  artt  dis- 
intervalx,  whatever  system  of  temperament  bo  eraployAd,  as 
also  an  indeftnito  numbor  of  other  inton'sls  not  recognized  in 
lie. 

Besides  the  diSerencfl  as  regards  pleasing  or  unpleaaJng  oflect,  it 

I  to  be  rvmnrked  tliat  consonant  intervalft  can  be  identified  by  tbe  ear 

mudi  greater  «ccun<7  than  tlioeo  which  are  dissoDanL    Host- 

tttstrtimeota  arc  gencmlly  lunvd  by  uctavos  and  fiftlw,  becanw 

alight  erroiB  of  oxoeas  or  defect  in  these  intervals  are  easily 

bj  the  ear.     To  tune  a  piano   by  the  mere  oompariaon 

■Dcecasive  notes  would  be  beyond  tbe  power  of  the  most  skilful 

A    sharpiv    mnrkod    interval    is    always    a   eonsonant 

raL  .^^^H^^^^^^^i^i^^^i^^^^ 
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930.  luring  Effect  of  Dissonance. — According  to  tbo  \imoty 
pounded  by  Hebnholtz,  the  unpleasant  effect  of  a  diaBoniBl  i 
consists  essentially  in  tbe  production  of  beats.  Tbeae  hare  a  Jiniif 
effect  upon  the  tiuditory  apparatus,  whicli  bocomos  incruriil^^ 
agrvi4il>ic  as  thu  lA-ats  Iriciuusv  in  frL-(|tii»c>-  tip  to  a  eertain  JUi 
(about  S3  per  seco&d  for  notoa  o£  medium  pitch),  ami  Imt— 
gradually  less  disagreeable  as  tbe  frequency  is  still  furtbi.T  iaenaaL 
The  sensation  produced  by  beats  is  comparable  to  ibat  wUtk  th 
eye  experiences  ftom  the  bobi/ing  of  a  gas  flame  in  a  nxn  EiM 
by  it;  but  the  frequency  which  cutails  tbe  maximum  cf  aaaoriMi 
is  smaller  for  tbe  eye  than  for  the  ear,  on  aooount  of  the  gnte  ]*'  ' 
sisteace  of  visible  impressions.  The  annoyance  most  evidesUf  cms 
when  tlio  succession  becom4»  so  rapid  as  to  produce  tbe  tSvAdtM 
continuous  impression.  ^ 

We  have  already  (§  88S)  described  a  mode  of  producing  beM*  «iil 
any  degree  of  frequency  at  pleasure;  and  tliis  experiramt  m^ 
the  main  foundations  on  vrbicb  UelmbolLz  boaea  his  vWw. 

931.  Beats  of  Harmontoa — The  beats  in  tbe  experinaat 
alluded  to,  are  produced  by  tbe  tmporfcct  uniami  of  two  aoli 
indicate  tJio  number  of  vibrations  gained  by  one  note  apon  thi 
Their  exitttcnce  is  euatly  and  complvtvly  explained  by  tbe 
tJons  adduced  in  §  838.     But  it  is  well  known  to  nuaJdn^'' 
easily  established  by  experiment,  that  beats  ar«  also  pfodwri 
bvean  notes  whose  interval  is  approximatvly  an  ootaT»,aW 
some  other  consonance;  and  that,  in  these  cases  also,  the  btali  ha 
more  rapid  as  tbe  intcr%'a1  becomes  more  faulty. 

These  beat^  are  ascribed  by  H«tli»ho]tz  to  the  eonnoB  kiW 
of  Uie  two  fundamental  notes.  For  example,  in  tbe  cas»«flkstt 
(2 : 3),  the  third  tone  of  tbe  lower  note  would  be  idostieal  wH^ 
second  tone  o£  Uie  upper,  if  the  interval  were  exact;  ud  lb  haft 
whicli  occur  are  duo  to  the  imperfect  unison  consequent  <io  tliad'**' 
tion  from  exact  truth.  All  boaU  are  thus  explained  aa  doi  ta  ^ 
perfect  un»«on. 

This  explanation  is  not  merely  conjectural,  but  b  mtiMiAri  If 
the  following  proofs: — 

1.  When  an  arrangement  is  omployi>d  by  which  tbt  fifth  i*  a^ 
false  by  a  known  amount,  the  number  of  beats  ig  fooad  ta  ^* 
with  tlie  al>ovo  explanation.  Thus,  if  the  intenral  is  laads  to*^ 
respond  to  the  ratio  S00:301,it  isoU«ervod  that  there  an  S  )■••■* 
every  200  vibrations  of  the  lower  note.     Now  the  hamwp^  *^ 


BUTS. 


MS 


kK  in  approximate  onbon  ar«  represented  by  600  and  602,  and  the 
diflereoce  of  Uie.se  i&  2. 

2.  When  Uie  resonator  oorreeponding  to  ibis  ooounon  bannooio  is 
bald  to  the  car,  it  rvsponils  to  thu  buit^,  Hliowiog  Uiat  this  liarmonic 
!•  undergoing  variations  of  strungtli ;  but  when  a  resonator  cocre- 
vponding  to  eitbor  of  the  fundamontal  notes  la  employed,  it  does  not 
napond  to  tbe  beats,  but  iodicatcA  st«ady  continuance  of  its  appro- 
priate note. 

S.  By  a  careful  exereide  of  attention,  a  person  witb  a  good  ear  can 
bt^r.  vritb<  ut  any  artificial  aids,  ttiat  it  in  tbu  common  Imriiionic 
which  und*.Tgoea  TariatioM  of  iutciuity,  and  that  the  fuudawental 
notee  continue  atowly. 

933.  Bntiiig  Notes  most  be  Near  Togetber. — tn  order  that  two 
simple  tones  may  yield  audible  beats,  it  is  necossaty  that  tbi-  inuaical 
interval  between  them  should  be  small ;  in  other  words,  that  the  ratio 
of  their  fraquooclM  of  vibratioo  should  bo  nearly  etiual  to  unity- 
<  simple  notes  of  300  and  S20  vibrations  per  second  will  yield  20 
Its  in  a  second,  and  will  be  eminently  discordant,  tbe  interval 
twcen  thorn  being  only  a  semitone  (15  :  16),  but  simple  notes  of 
and  00  vibrations  per  second  will  not  give  beats,  the  interval 
tween  them  being  a  Sftb  (S  :  3).  Ttiu  wider  the  interval  between 
simjite  notes,  the  feebler  will  bo  tlieir  boats;  and  accordingly, 
a  given  frequency  of  bcata,  the  harshness  of  the  effect  increaiios 
ith  tlie  nearness  of  the  notes  to  each  other  on  the  musical  scale' 
taking  Joint  account  of  the  number  of  beats  aod  iht  nearous  of 
beating  tones,  Helmholtz  has  endeavoured  to  express  numed- 
'  tlks  sevarity  of  tlio  discords  resulting  from  the  combination  of 
note  C  of  250  vibratiom  per  second  with  any  possible  note  lying 
liin  an  octave  on  t)ie  upper  .side  of  it,  a  particular  constitution 
aximately  that  of  the  violin)  being  assumed  for  botli  notes, 
finds  a  complete  absence  of  discord  for  the  interrals  of  uni- 
lh«  octavo,  and  the  fifth,  and  very  stnall  amounts  of  discord 
'  tlie  fourth,  the  sixth,  and  tlic  third.  By  far  the  worst  diacordn 
found  for  the  intervals  of  the   semitone  and  major  seventh. 


Mifari^— fa  «aaipcMd  «l  tIghUjr  «n(a)wd  •iMik  atm^  Moh  o(  whkk  b  «ttiiMd  lo 

'  datpt*  IM^  Md  k  Uvown  faio  vlbnUea  whm  thk  ton*,  «*  oaa  hmH/  fa 

I  «M  11,  l«  wiwdML    T««  taM  b  spprwiiwila  biIm^  «bM  taamiti  InpUM; 

IwvMat  Bbn*  to««iiM»,HidnnMtbMa  tobMt.  team  mtA  la  tpfwi—tiiibM 


I  aulrnlr  lUitlBrt  mU  el  t,\mt,  snd  Oum  Miuivt  pradaM  inlarii 


of  the  6ist  six  simple  tones. 
The  first  six  multiples  of  4  are 

4,  8,  12,  IC,  ! 
The  first  six  multiples  of  5  are 

5,  10.  15,  20,  : 

Id  searching  for  elements  of  discord,  we  selec 
two  multiples  differing  by  unity. 

Those  which  satisfy  this  condition  are 


4  and  5; 


IC  and  15; 


But  the  first  pair  (4  and  5)  may  be  neglecte 
differs  too  much  from  unity.  Discordance  wil 
the  two  remaining  pairs;  that  is  to  say,  the  4th 
of  our  two  given  notes  is  in  discordance  with  t 
upper;  and  the  6th  element  of  the  lower  is  in 
5th  element  of  the  higher.  To  find  the  frequei 
must  multiply  all  these  numbers  by  64,  since  9 
320  is  5  times  G4.  Instead  of  a  difference  of  1 
difference  of  64,  that  is  to  say,  the  number  of  \ 
in  the  case  of  each  of  the  two  discordant  coi 
have  been  considering. 

934.  Resultant  Tones. — ^Under  bertun  condit 
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HiqiMDciai  cf  ita  compoDonts.  As  tbo  componcnU  may  eithvr  bo 
yn-lwnimtil  totuw  or  owrtoncs,  two  aotes  which  are  rich  to  h»r- 
Booies  mvf  yivUl,  b)*  their  combttutton.  u  large  number  of  reatiltant 

K  The  differenoe-tonM  wer«  obs«rvuI  in  tlic  lant  century  by  Sor:g» 
^Bd  1^  Tutini,  and  were,  until  recooUy,  ftttril)ut«<l  to  be^ts.  The  (re- 
■MOcy  of  beats  U  aJwayn  the  <Ut1eroDoe  of  the  frequencies  of  vibim- 
Bpnof  the  two  eleineatary  tonoe  which  produce  tliem;  and  it  was 
HiplMMd  tliat  a  rapt'l  suociMston  of  bvatK  producoi]  a  note  of  pitcli 
Hkrespooding  to  tiiin  frequenc)'. 

■  lliis  «z[>laaatton,  if  admitted,  would  fumUh  an  exception  to  what 
■Nicrwise  appears  to  be  the  uiuver»al  Uw,  that  everj'  tlementary 
toM  arises  from  a  corresponding  simple  vibration.*  Such  on  excep- 
tioD  should  not  be  admitted  without  necessity;  and  in  Uic  present 
invtanoe  it  us  not  011)3-  unuec«wiiry.  but  also  insullident,  tuwmuch  as 
it  faita  to  render  any  account  of  the  sumination-tonea. 

Helmholix  baa  ohown,  tiy  a  mathematical  invi^ti^'ation.  tltat  wh<-n 
two  vyBtems  of  simple  waves  agitate  the  aame  mass  of  air,  Uieir 
mutual  influence  must,  according  to  the  recognized  laws  of  dynomios, 
give  rise  to  two  derived  systems,  haviit}{  frequencies  which  ore  re- 
tpcctivvly  tlic  sum  and  the  difTcrooee  of  the  freqiiencivs  of  the  two 
iniiiiary  Kystema.  Both  classes  of  resultant  tones  are  Uiua  completely 
acc'Unted  for. 

ThL>  resultant  tones^^^specially  the  aummation-tonee,  which  are 
fainter  Uian  the  otben — are  only  audible  when  the  primary  tones 
Ufa  loud;  for  their  exuteneo  depends  upon  small  quantities  of  the 
seeuttd  ordi>r,  the  amplitudes  of  the  primaries  being  regarded  (in 
comparison  with  tbo  wave-lengths)  as  AmaJl  quantities  of  the  first 
ord>-r 

If  any  furtlier  proof  be  required  that  the  diflercnoe  tones  are  not 
dan  to  the  coalesoeiwe  of  beats,  it  is  furoUhed  by  tJie  fact  that,  under 
fav.  tumble  conditions,  the  rattle  of  tlto  beats  and  the  booming  of  the 
diHervnoo-tones  can  both  be  heard  together. 

935.  Beats  due  to  Resultant  To&ei. — The  exiatenoe  of  resultant 
lanes  serves  to  explain,  in  otirtaJn  caset,  the  production  of  heata 
bstweeo  notes  which  are  wanting  in  harmonics.  For  example,  if 
two  Hmple  sounds,  of  100  and  201  vibrations  per  second  respectively, 
in  sounded  together,  one  beat  per  second  will  bo  producud  between 

■  Tlw  imanrj  ot  Ma  Uw  ii  dn*  to  (Hul 
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the  difference-tooe  of  101  Tibn^ons  and  tlie  pimaiy  tone  of  lOO 
vibrations.  By  tbe  beats  to  which  thej  thna  give  rise,  nBolUal 
tones  exercise  an  influence  on  consonance  and  diasonance. 

Resultant  tones,  when  sufficiently  load,  aze  themselTcs  ctfttUt  rf 
performing  the  part  of  primaries,  and  yielding  what  are  called  nwit- 
ant  tonee  of  the  second  order,  by  their  combination  with  otket  {d- 
maries.  Several  higher  orden  of  resultant  tones  can,  ondet  pcd- 
liarly  favourable  circumstances,  be  sometimee  detected. 
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mOFAGATIOH    OF    LIOBT. 


936.  Light — IJgtit  is  the  mni«(ltate  oxtcnul  c«ue  of  our  visual 
Bprcssi<>n&.  Objects,  except  Buch  u  are  staled  atlj-luminoiu, 
ae  invisible  when  brought  into  a  d^rk  room.  The  preMOoo  of 
a«thin(;  additional  is  nccensary  to  render  them  visible,  and  tliat 
atcrious  agvnt,  wliati'vi-r  tU  real  nature  may  be,  we  call  tight 
Light,  like  sound,  is  belicvod  to  eonaitit  in  vibration^  but  it  does 
like  sound,  require  tba  preMDoe  of  air  or  otb«r  groan  matt4.'r  to 
aUe  its  vibnitiona  to  be  propagated  from  the  aoorce  to  the  per- 
aL  When  we  exhaiut  a  receiver,  objects  in  its  interior  do  not 
less  visible;  and  th«  light  of  the  heavenly  bodies  is  not  pre- 
(rom  reaching  us  by  the  highly  vacuous  spaces  which  lie 


[A  mvaa  neecmary  to  assume  the  cxistonce  of  a  mcdtuni  far  nion 

than  ordinary  matter;  a  medium  which  pervades  alike  the 

vacuous  spaces  and  the  interior  of  all  bodies,  whether  solid, 

joid.  or  gaseous;  and  which  is  so  highly  elastic,  in  proportion  to  its 

■ity,  that  it  is  capable  of  transmitting  \-ibratJons  with  a  velocity 

Dusly  transcending  that  of  sound. 

;  This  hypothetical  medium  is  called  (rOter.      From  tli«  oxtreitui 

with  which  bodies  move  about  in  it,  we  might  be  dispoaod 

call  it  a  subtle  fiaid;   but  the  unduIaUons  which  it  aerrea  to 

lie  are  not  audi  aa  can  be  propagated  by  fluids.    Ita  elastic 

are  nther  those  of  a  solid;  and  it«  waves  are  analogous 

<  Uw  poises  which  travel  along  the  wires  of  a  piano  rather  than  to 

waves  of  oxtvitsion  and  compression  by  which  sound  is  propa- 

througb  air.     /.uniinous  vibraXiont  arc  trcnwtwrN.  uAt/s  thott 

'toumt  an  Un^twttTicU. 

A  Mlf-luminous  body,  such  oh  a  red-hot  [wker  ur  the  llsnie  of  a 
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cmndle,  u  in  &  peculiar  stAte  o{  vibration.  This  vibnUoa  Is  ob- 
luunicated  to  tlie  swT0UD<liag  (other,  uud  is  thus  propAgltt«d  lotbt 
eye,  enabling  us  to  we  the  body.  In  tliu  m^orit;  of  OiBH,  hommt 
we  see  bodi«a  not  by  Uteir  ovra  but  by  nflected  Ligbt;  and  «i  n 
enabled  to  recognize  the  various  kind-t  of  bodiw  bj  tb«  dificM 
modittcations  wbich  light  undergoes  in  rctWtiou  from  tbair 

Ab  ail  bodiea  can  become  sonorous,  so  alao  all  bodies  can 
sclf-hiiDinoua.  To  render  them  at>,  it  is  only  oeoeosuy  to  rain  thio 
to  a  sufficiently  high  tempcraturo,  whether  by  tlM  uiuiiuuiWi* 
of  beat  from  a  fumaoc,  or  by  Uic  panage  of  an  electrio  CBimC* 
by  causing  them  to  enter  into  chemical  oombinatiua.  It  latodHB 
cal  combination,  in  Uie  active  form  of  oomLiUfition,  that  vr  in  »- 
debtod  for  all  the  sources  of  artlticial  light  in  ordinary  ow. 

Tbo  vilimtiiiiu)  of  the  setlier  ar«  capable  of  pro<liicing  utWiM* 
b««ide!)  illu  III  illation.  They  coni>titutt!  what  is  oalled  ndiHtkMi 
and  they  are  abo  capable  of  producing  chemical  cffectA.  ■•  is  p 
graphy.  Vibrations  of  Li^h  frequency,  or  sliort  period,  ar*  Iht 
active  chemically.  Tlioec  of  low  frequency  or  long  pefiod 
usually  the  meet  powerful  heating  effects;  vrhilo  thoM  wUcfci 
the  eye  with  the  sitnM  of  light  are  of  moderate  fm]U4fi  ^y. 

937.  Rectilinear  Pnpagatioa  of  Light. — All   the  rorariu 
have  been  made  respecting  the  relattuns  between  period, 
and  wave-length,  in  the  caso  of  sound,  are  equally  appUcabltt* 
inasmuch  aa  alt  kinds  of  luminous  navtat  (like  all  kinib  of 
waves)  have  sensibly  Uie  sanie  volodty  in  air;  but  this  nlobtr 
many  hundredsofthousandsof  tines  greater  for  Ugbilhaofar 
and  iiib  wave-limgths  of  light  are  at  the  aaio«  timo  yyimict 
than  those  of  sound.    Frequency,  being  the  qnotimt  flf  Tulcdtf 
wavelength,  is  accordingly  about  a  million  of  miUJiwif  of  tti 
greater  for  light  than  fur  sound.    The  colour  of  lowmtt  pitdi  it^ 
red,  its  frequen^  bein^  about  400  million  million  vitailJaiaf* 
second,  and  its  wave-length  in  air  760  millionths  of  a  BiJIb^     j 
The  colour  of  highest  pitch  is  de«p  violet;  its  frequetuy  is  akalTV 
million  million  vibrations  per  second,  and  its  wave-leB|rlfc  is  lirM*    , 
milliontbsof  a  millimetre.    It  thus  ap[)ear9  that  the  rani^of  iM^afl 
much  Kuiallor  titan  that  of  hearing,  being  only  about  om  aeia*a      ™ 

The  excessive  sltottoeas  of  luminous  as  oompatvd  »Mi  Mbm^ 
waves  is  closely  connected  with  the  strength  of  the  shadowi  a0  ^ 
a  U^ht,  as  compared  with  the  very  modenUa  Iom  of  latMMty  ^ 
duotd  by  intarposing  an  obstacle  in  the  cub  of  aoaad.    8mad  b^> 
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>r  orUiiuiry  purpoMV,  bo  Mkitl  to  be  capable  of  ttiming  a  corucr.  and 
light  to  1)0  only  capable  of  travolling  in  straigbl  lines.  The-  lalt«r 
Caet  may  be  eetalludied  by  sucli  an  anBagemenl  as  ia  roproscoted  In 
611.  Two  screens, 
piercod  with  a 
,  aro  anangvd  so 
tlicM  holes  arc  in 
Uni>  with  the  flams 
a  candle.  An  eye 
in  this  line,  be- 
ind  the  screens,  is  then 
to  see  the  flame; 
k  slight  lateral  dir^ 
it,  eithsr  of  Uie 
,  the  ean(]le,or  eitlier 
the  screen.s,  pott 
fiaine  out  of  night 
is  to  be  nuU-d  tliai, 

this  experiitiont,  tlio  same  medium  (air)  extends  from  Uio  eye 

the  candle     We  Nhnll  hereafter  find  that,  when  light  luut  U 

from  one  mc^lium  Id  snotber,  it  is  often  bent  out  of  a  »U«i{{bt 

e  have  said  tliat  the  strength  eX  ligfat-ahadows  as  oouipared  witli 
l-shadows  is  connected  with  the  shortneas  of  luminoufi  waves. 
shows  that,  if  light  is  transmitted  through  a  bole  or  slit. 
Ibon  diameter  U  a  very  Uirg«  multiple  of  the  length  of  a  light- 
.  Strang  aliadow  nliould  be  cast  in  nil  obliijuo  directions;  but 
if  ibe  hole  or  slit  is  so  narrow  that  itii  diameter  is  comparable 
ji  length  of  a  wave,  a  large  area  not  in  the  direct  path  uf  the 
jn  will  be  illuminated.     The  experiment  a  easily  performed  in  n 
rk  room,  by  admitting  sunlight  through  an  exceedingly  fine  slit 
rceoiWn^  it  on  a  screen  of  white  paper.     The  illuminated  area 
be  marked  with  coloured  bands,  called  ditlracUon-fringei;  and 
[  ibe  slit  is  made  narrower,  tlirae  bands  become  wider. 

In  the  other  hand,  ColMon,  in  his  expcriraenta  on  tito  tronsmis- 

.  of  sound  tlirough  the  water  of  the  Lake  of  Geneva,  established 

pressnce  uf  a  wry  sharply  defined  sound-shadow  in  t)ie  water 

■i  the  end  of  a  projecting  wall. 

r  the  present  we  shall  ignore  diflVactJon.'  and  coofino  our  atlon- 
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tion  to  th«  numerous  ])h«nomcnA  which  result  from  tb«  nedlfaitK 
propAgution  of  light. 

936.  Ima^M  produced  by  Sntall  Apsrtnns. — U  a  whtb6  aatm  « 
I'laced  opposite  &  hole  in  the  ahutt«r  of  ft  room  othcnrlse  qidtc  •hii 


an  inverted  picture  of  the  extcnwl  UnilncKpo  n-ill  bo  taaatd  vfK 
in  the  nutunil  coloura  The  ouUioes  will  be  abarjwr  in  jiwimib* 
OS  the  hole  is  Bnullcr,  ami  libtant  et^Mb  v' 
be  more  dititincti}'  reprewntdd  tJima  th«i*«W 
are  %'eiy  near. 
Tbeee  reeulta  wo  euUy  expkiDML  Ciiiriflr 
( in  fact,  an  external  object  A  B  (F^.  MIXm' 
let  O  be  the  hole  in  th«  abutter.  Tba  ]MiM  A 
flOBds  rays  in  alt  directiooa  into  apaoa.  aad  aaMf 
■  them  a  small  pendl,  whicli.  after  fmiKiif  ttfs^k 
the  opening  O,  falla  upun  Ute  serMii  tt  A'-  ^ 
reoeivos  light  from  no  othar  point  bat  X  •*' 
A  sends  light  to  no  port  of  tbeKmnexaflV 
The  colour  and  hiightnvffi  of  the  spot  A'  will  aooardji^  ^T"' 
u^on  the  colour  and  brightness  of  A;  in  other  words.  A'  will  bt  tU 


Fig,  <Ml.~SipUnfttltin. 
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of  A.  In  like  mstiner  B'  will  be  the  image  of  B,  and  poinbt  of 
Um  object  bctwoon  A  and  B  vill  have  their  images  between  A'  and  B'. 
An  invortod  image  A'F  will  thus  be  formed  of  the  object  A  B. 
A»  Out  image  thus  tonoDd  of  on  external  point  is  not  a  point,  but 
apofc,  whose  idze  tner«aM>s  with  that  of  the  opening,  thcro  most 
llwsys  be  a  little  blurring  of  the  outlines  from  the  ovcrlappinj;  of 
I  ipotB  which  represent  n«ighbo<trin^  pointu;  but  thiit  will  bo  oom- 

Irely  slight  if  the  opening  i»  v«ry  fmuM. 
An  nxpfrirnvnt,  substantJally  the  same  aa  the  above,  may  be  per- 
!  hj  piercing  a  card  with  a  large  pin-ho|p,  and  holding  it  between 


G 
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Oandle  and  a  screen,  oa  in  Fig.  644.     An  invert«d  image  of  the 

will  tiin*  he  formed  upon  the  screen. 

When  the  sun  chines  through  a  small  bole  into  a  room  with  the 

ids  down  (Fig.  645),  the  oone  of  rays  thus  admitted  ia  easily 

by  (he  lighting  up  of  the  particles  of  dust  which  lie  in  itA 

turBO.     The  image  of  the  sun  which   is  formed  at  its  further  vx- 

lity  will  be  ellJicr  circular  or  elliptical,  aocoixling  as  tlw  indd«DC« 

the  myi  k  normal  or  obliqtM.     Fine  imago*  of  th«  son  are  WNii*- 

thua  formed  by  the  diinlcs  of  a  Venetian-blind,  eqwcially  when 

lun  is  low,  and  there  is  a  white  wall  opposite  to  reoeive  the 
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image.     In  these  circuiuHtances  it  is  aotnetinuts  pounUa  to 
preseooe  of  spots  on  the  sun  by  examining  thu  b&ags. 

\?ben  th«  eon's  nys  shine  through  the  foUago  of  &  tR«  (1^ 
the  spots  of  hglit  which  they  fonn  u|>an  t^e  ground  &»  alwsjt 
or  oval,  whatuv«r  may  he  iho  6hapc  of  the  int«rst)on  throt^  «Ui 
they  hnvo  pivsscd,  providud  nlwsyK  that  thes^t  iolvntien  vr  «iC 
When  the  sun  is  undui^uing  mIiimc.  Uie  proj^rttv  uf  th»  «elq«r  w 


flf.  Mk-Oonlol  Sunl 

U;  troee<l  by  n-atching  the  shape  of  thuw  Imagai,  wbtdi 
that  of  Ihi;  uiu-clt]iie(i>)  (Mttion  of  tl>i'  siin's  diae, 

939.  Theory  of  Sbadows. — The  rectilinear  propogai i . >tj  -u 
the  foundatiou  of  the  geometry  of  shadows.      Lot  tbv  unu^  i 
be  a  luminous  point,  and  let  an  opaque  body  be  plaiMd  aow  tti 
cept  a  portion  of  its  rays  (Fig.  647).     If  wu  cvMistneC  • 
surfnou  touching  the  body  ull  round,  and  Imvin;:  ii»  tnIpi  tf 
luminous  point,  it  is  evident  that  all  the  spaoo  within  On  i 

the  further  side  of  the  opaifue  body  is  ooup)«telj  i 
rays.    The  cone  Uiuh  oonsttuctod  i»  called  tha 
interaction  with  lUiy  (iurfaco  hvhind  the  oiNiqne  U-iy  Jc&bv  ' 
-ihadow  cost  ujion  Uiat  Mirface.     In  Lho  ooae  whicl)  w«  hut* 
supposing — tliat  of  ii  luiniiimu  point — the  ahwluir- 
shadow  it«elf  will  be  sliarply  dc>Bn«d- 
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Actital  sourci'3  of  lijc:ltt,  however,  fan  uot  mere  liunbMm  jdata, 
but  have  finitv  dimeiutions.     Hence  some  oorapUc»tU>n  triaet   Cof 
aider,  in  fact  (Fig.  6*8),a  lumiiioiw  ixxly  situated  between  two  op»qB» 
bodies,  one  of  tbcm  larger,  and  Uie  other  smaller  than  itaeU.    On- 
ooivo  o  oone  touching  the  luminous  body  and  either  of  the  OfifK 
bodie*  aUentally.     This  will  be  the  ooue  of   total  Aadow,  at  A* 
cone  of  the  umbra.    All  points  lying  within  it  are  oonipkldya- 
eluded  from  view  of  the  luminous  body.     This  cone  tunwn  ««•• 
krgcs  as  it  recodea,  according  tw  (lie  opaque  body  b  noalleror  tar{ci 
than  the  luminouA  body.     In  (Jitc  former  ouso  it  torminaUa  tl  i 
fiiiile  distanoc.     In  the  Latter  enso  It  extendit  to  iafimta  dbtaatt 

Now  coDoeiw  a  double  oone  touching  the  lamiaoiu  bod;  Mi 
either  of  the  opaque  bodies  iTttematly.  Thifi  cone  will  b»  wiir 
than  the  cone  of  tots!  shadow,  and  will  indade  it.     It  u  olU  ^ 


tlB-  Ma— tlmbn  lad  Ninnabr* 


L-one  of  partial  shadow,  or  the  cone  of  the  p&nv/mbra.  AU 
tying  within  it  are  excluded  from  the  view  of  some  portitm  s(  tk* ' 
luminous  body,  and  are  thus  partially  shaded  by  the  of*^  ka^ 
If  they  are  ucnr  its  outer  boundaiy,  they  are  very  sligliUy  thaid 
If  they  are  so  far  within  it  as  to  be  near  the  total  ahadow.  1^  a* 
almost  completely  aliadcd.  Accordingly,  if  the  ehaduw  of  th«  (fa;* 
body  is  received  upon  a  8a«en,  it  will  not  have  aliarply  iAd 
edges,  but  will  show  a  gradual  transition  from  tba  total 
which  covers  a  finite  central  area  to  a  complote  abnoea  of  : 
at  the  outer  boundary  of  the  penumbra.  Thus  oeitber  tb*  i 
of  the  umbra  nor  thoee  of  the  penumbra  are  sharply  defiwd. 
The  umbra  and  penuiubra  show  themselves  on  (he  mrfaoe  ^  tW 
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body  itself,  the  Line  of  contact  of  the  unibntl  con«  htiing 
^further  b«ck  from  the  soarce  of  tight  than  the  line  of  oontftct  of  tho 
snumbral  cone.     Tho  zone  between  these  two  lioeH  is  in  piartinl 
badow,  and  Bep«ratcs  tlie  portion  of  th«  surface  which  is  in  totel 
low  from  the  part  which  ia  not  sh»di>d  at  all. 
940.  Tclocitj  of  Light. — Luminous  undulations,  anliko  those  of 
ad,  advaoo*  with  a  velocity  which  may  fairly  be  styled  iocon- 
ivable,  being  about  300  mUlioo  metres  per  second,  or  186,000 
I  per  Moond.    As  the  circtunlennco  of  the  earth  is  only  40  mil- 
metres,  light  would  travel  seven  and  a  half  times  round  tiie 
.  in  a  second. 
Hopeleas  as  it  might  appear  to  attempt  the  measurement  of  such 
enonnouA  velocity  by  mere  terrestrial  experimonta,  the  feat  hsb 
Uy  been  pciformed,  and   that  by  two  distinct  metliods.      In 
I'a  ozponm<:iits   tho  distance  between  the  two  experimental 
ktiomi  was  about  5}  miles.     In  Foucault's  experiments  tho  whol« 
pparatua  was  ooutAioed  in  one  room,  and  tlio  movement  of  light 
rithin  this  room  served  to  detennioe  the  velocity. 
We  wilt  6rst  deecribe  Fizeau's  experiment. 
Ml.  Tixean's  Experiment. — Imagine  a  suuroo  of  light  placed  di- 
Jy  in  front  of  a  plane  mirror,  at  a  great  distance.    The  mirror 
will  Mod  back  a  reflected  l>cam  along  tho  line  of  the  incident  bi-am, 
and  an  olMervci-  stationed  beliind  tlie  source  will  seo  its  image  in  the 
ar  as  a  luminous  point. 
Now  imagine  a  toothed-wheel,  with  ita  plane  peq)ondicular  to  the 
of  tho  beam,  revoU-ing  uniformly  in  front  of  the  source,  in 
Heh  a  pOHition  that  its  teeth  pass  directly  between  Uie  source  of 
!ii  and  the  mirror.     The  Inddent  beam  will  be  stopped  by  tlie 
1,  as  they  Huccessively  come  up,  hut  will  pass  through  tlie  spaces 
tween  thera.     'Sow  the  velocity  of  the  wheel  may  be  such  that 
Se  light  which  has  thua  parted  through  a  space  shall  bo  reflected 
ck  from  the  mirror  just  in  time  to  meet  a  tooth  and  be  stopped, 
this  case  it  will  not  roach  the  oteerver's  eye.  and  the  image  nuiy 
become  permanently  invisible  (o  him.     From  the  velocity  of 
wheel,  and  the  num)>er  of  ita  teeth,  it  will  l>e  ponible  to  com- 
the  time  occupied  by  the  light  in  travelling  from  the  wheel  to 
he  mirror,  and  back  again.    If  the  velocity  of  the  wheel  is  sucli 
■  the  light  is  sometimes  intercepted  on  its  return,  and  sometimes 
red  to  paas,  the  image  will  appear  steadily  visible,  in  oonse- 
of  the  pnsisteoca  of  impressions  on  the  retina,  but  with  a 
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loss  of  brightness  proportioDed  to  tho  time  tluil  the  light  ili 
oepteJ.    The  wIimI  employed  hy  Fizoau  luui  720  teeth,  tlw  • 
between  tiic  two  fttatiotu  was  86C3  tncin«,  ui<i  ISii  revotu 
second  produced  duu4>pc)u«n«c  of  the  linage.    The  wUltli  ut  Ik ' 
teeth  U'ing  equal  to  the  width  of  the  ajMceei.  Ute  tltue  nM^iura)  to 
turn  through  tlie  width  of  a  tooth  was  ixTlgXtla  ol  a 
that  iii  i-rtn  ^^  ^  second. 

In  tJiis  time  the  light  travelled  a  dUtanre  o{  2  x  Mi>ii3  =  ITV 
metres.  Tlio  di&tancc  travennd  hy  li^ht  in  a  secoiul  would  U«mla» 
l)Q  17.326  xl8.144=SU,SRS.»44  metres.  Tlua  dcu-nuinaliM rf  I 
FiKcau'K  is  b«iieved  to  W  somewhat  in  exci.-R'*  ot  Uic  truth. 

A  double  velocity  nf  tlie  wheel  would  alluw  ihn  mOocted  )«nk 
pauft  through  the  space  succeeding  that  throut;li  whidi  iIm  inrjiltf 
beam  had  pansed;  a  triple  velocity  woultj  a^n  |>r>Hlucetuttle^p-i 
and  so  on.     SevKral  iiidi.-p<.-ndviit  'lutcrtninnliunn  of  the  vdaalT^J 
li;;ht  may  tJius  ht>  ol>teinvd. 


Rg.  MR— tiMaa'*  KipBrUDat* 

Thua  far,  we  have  merely  indicntcU  the  priociplv  ol  odmtlr*^ 
It  will  eAsily  be  understood  tJist  apodal  meaiw  were  ommm^** 
prevent  Mattering  of  the  light,  &n<I  render  the  inuf;*  ratUtll  *■ 
jprcat  a  distance.  Fig.  649  will  Kcrve  to  give  an  idea  ol  tlM  appnl* 
Actually  employed. 

A  beam  of  light  from  a  lau)[>,  after  passing  thiongh  a  kH.1 
on  a  plate  of  un.silvered  glass  M,  plaood  at  aa  angle  at  ii'.  if 
which  it  is  reHected  along  the  tulie  of  a  t«lcsoopo;  Um  ii^"^ 
^laes  of  the  teleeoope  is  so  adjusted  as  to  render  the  rays  psnlM' 
on  emergence,  and  in   this  cundition    they   travels**   tlut  iaton) 
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tbo  tvru  sbUiona.     At  the  »ecuiiJ  Atation  Uiey  nrc  coUoetod 
'  a  lent,  vrluch  brings  them  to  a  focus  on  the  surface  of  a  mirror, 
rbich  sendn  Uitn  back  along  the  same  couiba  by  which   thej 
A  |)ortJOD  cif  tile  lij^ht  thus  loot  back  Ut  the  glass  plate  M 
through  it.  and  in  viewed  by  Uie  uUwrvor  through  an  eye- 

The  wheel  It  is  driven  hy  clock-work.    Fig».  630.  Oul.  (>i>S  rmpec- 


flaWtt-WliRlMlUat 


rw  »L -Tatal  biiVH  n(.a»t-P*nuixdipM 


ively  n-|ire&vtit  the  ap|iearance  of  the  luiainoua  point  aa  seen  between 

r  tooth  of  the  wheel  when  not  revolving,  the  total  ecli]»e  produced 

I  appfx>pnat«  speed  of  rotation,  and  the  paitial  eclipse  produced 

'  a  different  spood. 

Mom  recently  M.  Comu  has  carried  out  au  oxtvniuve  aerin  of 
■icparitDontH  on  ttiv  auuio  plan,  witlt  more  ])owcrful  appliancM,  the 
■tinianoe  betwcon  the  two  •tationit  being  23  kilontetrea,  and  the 
■xtit>etioiu  being  carrioJ  to  the  Slat  order.  Uis  result  is  that  tlie 
relodiy  of  light  (in  millions  of  metres  per  second)  is  300-.13  in  air, 
or  300  4  ill  vacuo. 

942.  f  oucault'a  Experiaa&t, — FotKstUt  employed  tlie  principle  of 
Lbf  rotutiii^  iitin-ur,  tint  adc^ted  by  Whoatetooe  in  his  experiments 
on  the  duratJ'>u  of  the  electric  xpark  and  the  velocity  of  electricity 
ftj  ■'^0\,  CSC).  Tlio  following  was  the  oonatructioD  of  his  original 
appaimtuit: — 

A  beam  of  light  enters  a  room  by  a  square  bole,  which  hiu  a  line 
platinum  wire  stretched  acrosB  it,  to  serve  as  a  utnrk;  it  u  then 
concentrated  by  an  achrouatic  lens,  and,  before  coming  to  a  focui, 
falls  upon  a  piano  mirror,  revolving  about  an  akin  in  ita  own  plane. 
In  one  part  of  the  revolution  the  reBsctod  \>cmu  in  diruvtod  upon  a 
WDcaTO  mirror,  wbotw  centre  of  curvature  U  in  Uie  nxis  of  n>lation, 
,Mf  tliat  the  beam   is  reflected  back  to  the  rovolvinu  iturror,  and 
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blience  back  to  the  hole  at  which  it  firai  entered.  Befon  tetdung 
the  hole,  it  haa  to  traverae  a  sheet  of  gUsa,  placed  at  an  an^  of  W, 
which  reflects  a  portion  of  it  towards  the  obe«rvar'a  eye^  mi  ^ 
image  which  it  forms  (an  image  of  the  platinum  wire)  U  litwid ; 
through  a  powerful  eye-piece.  The  image  ia  cmly  formed  i 
small  part  of  each  rovolutioii ;  but  when  30  tumii  are  mada  par  I 
tbe  appearsQoe  p««aent«d,  in  corucquecce  of  the  i>onislettM  < 
prcASions,  ia  that  of  a  permanent  image  occupying  a  fixsd 
When  Uie  speed  is  eonaiderably  greater,  the  mirror  bun 
a  sensible  angle  while  the  light  is  travelling  from  it  to  the  toean 
mirror  and  bade  again,  and  a  sensible  displacement  of  the  taapii 
accordingly  obeerved.  The  actual  apeed  of  rotation  was  bos  TWtt 
800  revolutioDfl  per  second.* 


ns  «n.-RMBum  iiyHMii. 

On  interposing  a  tube  filled  with  water  between  tfaa  two 
it  waa  found  that  the  difiplacemcnt  waa  increaaed,  abowt(^[  tM  • 
longer  time  was  occupied  in  traversing  the  wat«r  thao  bt  tntMil 
the  same  length  of  air. 

This  result,  as  wc  shall  have  occasion  to  point  out  laiv,ti**T 
important  as  confinuing  the  undulatory  theory  and  dis|«mB(  (^ 
emission  tlieory  of  lighL 

In  Fig.  6&3,  a  ia  the  position  of  the  platinaa  irivK  hit^ 
achromatic  lens,  m  the  revolving  mirror,  e  the  axia  of  i»rolitfi«.  V 

■  Zl  WM  bad  tb»l,  U  lUi  hifb  ipMd,  th*  MulgMB  M  ika  back  «l  •rdtawT  >•**'' 
■[Imm*  <r«a<IiJnD  oA  bjr  omtriftigal  (on*.  1%*«lnor  ■ntinTlj  iw^ibf  ill  'i  it" ~*^ 
Eront  with  real  tiltvr. 
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ne  ooncare  tnirror,  a  the  image  of  the  pUtinum  wire,  displaced  from 
a  in  virtue  of  the  rotation  of  the  mirror;  a,  a'  images  of  a,  a',  formed 
hj  the  glass  plate  g,  and  viewed  through  the  eyi^'pion  O. 

M'  is  a  second  concave  mirror,  at  the  samo  diKtaooc  as  M  from  the 
avoh'ing  mirror;  T  is  a  iube  llllod  with  wat«r,  and  having  plan* 
|laas  endji,  and  L'  a  leos  meiwiy  for  completing  the  focal  a^jo^ 
i;  a*  and  «'  are  the  imagea  formed  by  Uie  light  which  has  tn- 
the  water.' 
Foneault's  experiment,  as  thus  described,  was  performed  in  1850, 
shortly  after  that  of  Fizeau.  Some  important  imptoTementB 
rare  afterwards  introduced  in  thu  method,  especially  as  regards  the 
Hurement  of  the  speed  uf  rotation  of  the  mirror,  which  is  evi- 
lUy  a  principal  element  in  the  calctilatioo.  In  the  later  amuigo- 
aents  the  mtrrur  was  driven  by  means  of  a  bellows,  furnished  with 
.  special  airangcuient  for  keeping  up  a  constant  pressure  of  air,  and 
riviag  a  kind  of  siren,  on  which  the  Durrar  was  mountod.  Instead 
making  a  separate  determination  of  the  speed  of  rotation  in  each 
eriment,  means  were  employed  for  keeping  it  always  at  one 
slant  value,  namely,  400  revolutions  pur  second.  This  was  leas 
th«  qwed  attained  in  th«  earlier  experiments;  but.  on  the  other 
%,  tha  length  of  the  patli  traversed  \rj  the  light  between  ite  two 
JoDs  from  the  revolving  mirror  was  increased,  by  means  of 
iT«  reflections,  so  aa  to  be  about  20  metres,  instoad  of  4  as  tn 
I  original  exparimentA. 

■Tlw  dUUMM  tn  nuh'  UiM  L«  ud  Lx-i-fM  tn  ocojngsU  total  dbUaoM  with 
1  lo  tba  baa  L.    An  \aititt  of  i^  wlrs  a  b  Ifaoa  lormad  ■!  M,  wi'l  an  iniag*  «(  thk 
I  b  iotmiA  at  a,  UiB  tnlnvr  being  tujipMod  **-■*"  "j ;  taA  iLlt  nJj>ll»n  hoUi  sot 
■  tat  lb*  cmtnl  pofait «!  the  «oncBT«  Bimr,  hat  Untnj  part  ol  it  «a  whkli  Uw  1I(M 
r  htfpm  to  lad  at  th«  la«la«l  otmMtni. 
^I«l  I  tawto  th«  dirtMHW  (H  betvMii  tbn nvolrl^  lad  Um fliad  MlRar, rtba diMMWi 
I  sf  Iha  NfolriBf  moTOT  Eron  tbt  «wtn  ol  Um  lan%  r  Uw  diMaaM  a  L  «( iha  ilaUaoB 
I  (tmb  Iha  oMtn  of  Uw  hM,  a  lb*  MBbw  el  NTOhMlani  par  »tmd,  V  Uw  (paea  Ira 
I  hr  ll|lil  b  a  aMMil,  ( Iba  Hmt  oeeofM  by  U^l  In  InMBI^  ftaa  ooa  abror  I* 
I  aUwr  and  baolc,  f  Ow  aafla  tanwd  by  Iba  mimr  \m  Uita  ttei^  and  I  tba  Migl*  nb. 
t  M  Ui>  0M>tT«  oj  tb*  baa  br  lb*  dtaUM*  «  a*  bc««aM  lb*  wb«  «od  Ra  dbplMMl  li^l«. 

,'nMDob*i<wilrt=^,bMtbal=^~:  b«K»Tsl^'. 

N«v  Ibt  iliiUDM  b«t**aa  lb*  tiro  iw^<a  {uMiw[wuilim  to  a,  a"  i«i|«oliTa1rl  at  Uw 
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:  ct  Uw  t*TalTl<>(  Mirror  b  (t t D  4.  and  b  tbo  S St  (!  Ml).     Uatn  #=' 

'jRTW    Tb*  obOTrrai]  ilaUno*  a  a'  Iwtvmn  tba  tw«  iaigw  b  vqaal  to  Uw  diitaao* 

I M,  tf,  Ibai  b  to  rl.    CaUliig  tbi*  dbtonc*  d,  «•  haM  H^ly, 
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Xho  con-ntAot.  ratv  of  revolution  U  mainl^Detl  liy  cntu^ 
a  dock.  A  wlteol  with  400  teeth,  driven  ^y  the  clock,  t^kf 
0D«  revolution  per  M«ond.  A  tooth  and  a  space  altemitel;  am 
the  i>art  of  tlie  field  where  Uie  iui»geof  tbc  wii«-t*Tatiag  (vbicb  bu 
been  substituted  for  the  single  wire)  is  fortnod.  The  suuc  bMMft- 
t&Deous  flashea  of  light  from  the  revolving  minor  which  (cob  Ik 
imi^,  also  illuminate  Uie  rim  of  the  wheel.  If  tlie  wb«*l  ttlniM 
exactly  one  tooth  and  space  between  consecutive  tlaab«»,  iia  Hiam- 
nat«d  poeittoiis  are  undistingubhable  one  from  atkoUitr.  aai  ttr 
wh(.-el  ocourdiiigty  appears  stationary.  ^Vben  thin  is  tba  tarn,  k  » 
kouvr-n  tliat  Uic  mirror  la  making  exactly  400  turns  per  MOCnL  i 
slight  dttporLurv  from  this  mte  either  way,  mskus  the  whael  ffm 
to  be  slowly  revolving  vither  forwards  or  backwards,  and  the  UIm 
must  be  regulated  until  the  stationary  apptiaisoco  ta  ptuMsaltd^^H 

By  meant  of  this  admirable  combinati<ju.  Fuucault  nadt  lfl|H 
the  best  determination  that  Itnd  up  to  that  time  been  oUaiaaSV 
the  velocity  of  light.    His  result  was  298  miUitHi  mefcrea  p«  aai 

943.  Uiohelson's  Determination. — Captain  Micheboo  of  tbtO^ 
States'  navy  itaa  recently  effected  some  improvements  in  FcntMriU 
method.  He  places  the  lens  L  not  between  Uio  slit  and  the  rrHh- 
itig  mirror,  but  between  the  rovohing  and  the  fix^-d  mirrMo-.  in  ^ 
a  position  that  the  sum  of  the  distanoca  of  Uie  sUi  and  Im»  bm 
the  revolving  mirror  is  u  very  little  greater  than  the  focal  loftk^ 
Uie  lens.  The  iiiuige  of  Uie  «lit  is  aeoordiogly  formed  sta**} 
great  distance  on  the  other  stde  of  tlie  Irns,  and  it  is  at  thi>  <blM* 
that  the  fixed  mirror  M  is  placed.  The  focaJ  Ien;,>th  uf  tlw  lai  w 
1.50  ft.  and  the  distance  between  the  two  mirrors  neariySMft 
The  measured  deviation  of  the  ims^  of  the  atit  fnim  the  dtl  itJ 
is  due  te  the  angle  through  which  the  nurrur  turns  wliflt  1^ 
travels  over  twice  thij  distance,  or  nearly  4000  ft.,  and  tbf  ilrtMi 
of  the  slit  from  the  mirror  being  about  SO  ft,,  tlie  deviation)'  A> 
image  from  tlxt  nlit  amounted  temorc  than  ISn  iiiilltnMtiK«i«** 
the  deviation  obtained  by  Foucault  was  less  tlian  1  millhitil 

The  velocity  deduced  by  Captaia  Uiohelson  aa  the  filial  KMk^ 
his  observations  is  299-740  million  metres  par  seoood  in  K  * 
£90-828  rn  vaeuo.^    This  latter  is  about  186^00  miW  pttwaii 

944.  Velocity  of  Light  deinced  fk-om  Obaenratlons  of  th»  Mi|ai' 
Jupiter*!!  Satellites. — Tlie  Fact  that  light  occupiv  a  seoMUa  tte  ■ 
travelling  over  celestial  distances,  was  first  cstablisbed  sloat  tCt 

>  Fot  (lutlwr  deUiU  aca  .V«nr«.  Nor.  t}  Mul  D«a  4.  UT*. 
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wt,  a  DanUh  RAtronoDicr,  wlio  nhm  made  the  flr>t  coinptiU- 
.  of  iU  %'elocity.  Ue  waa  led  to  this  discowiy  by  oomparing  Uii.- 
times  of  th«  eclipses  of  Jupiter's  Gnl  utellibo,  m  oontaioed 
.  rteords  extending  over  mtaiy  §UGoeaaix-e  ye«rs. 
Th«  four  ntvlUtvv  of  Jupibur  revolve  nearly  in  the  pl&ne  of  tlw 
Dt't  orbit,  uii]  undergo  ver^-  fn-<|uunL  pcUpso  by  entering  tlw 
of  totel  shadow  cut  by  JupiUir.  The  ulcllitui  ui<l  tJieic 
lipMH  WK  ea&ily  He«n,  even  with  t«letoopcii  of  vory  iiiodcnit«  tHiwori 
being  visible  M  the  Mine  »Iisolut«  iUiie  «t  *ll  piuU  of  the  carth'n 
face  at  which  they  are  visible  at  all,  they  serve  as  wgikalii  for 
local  time  at  ilifTerent  places,  and  thua  for  (leterroining 
des.  Tltc  first  satellite  <that  is.  the  one  nearest  to  Jupiter), 
ita  morv  rapid  motion  and  shorter  time  of  revolution,  aflbrds 
th  the  bwt  and  the  must  frequent  tif^nabt.  Th«  intorval  of  tintu 
tw4>«n  two  mcoewiivo  ccliftecs  of  tim  »at«Uit«  u  about  42}  houni. 
It  waa  fount]  by  Roeincr  to  vary  by  n  regular  law  tuxording  bu  the 
Mtiuu  of  the  earth  wiili  r<>»[>oct  to  Jupitvr.     It  b^  lun^i-itt  when 

I  earth  Ia  increaaing  itn  dihtaiice  from  Jujiiter  uiont  rapidly,  and  in 
art>st  when  the  earth  a  diminiith- 
;  its  diatnnce  mout  rapidly.    Start- 

ttota  the  time  when  the  earth  is 

at  to  Jupiter,  aa  at  T,  J  <Fig, 

^),  tilt  int«TV'itlH  between  auoMwiivo 

ipMR  arc  ulwTHyM  lotigwr  than  the 

value,  until   the  gn.>at«flt  dia- 

haa  lieen  attained,  as  at  T'  J', 

tlie  mm  of  the  exoemes  amounts 

'  16  min.  201)  aea     From  tJiia  Umv 

II  the  iiearevt  liiKtancr  i<i  n<;nin 
uncNl.asftt  'f,  J',  the  intervals  are 
ayashortartluuithemmn.aiid  ihr 

of  the  d'-fecfai  amountN  to  It}  min.  Sti-ti  sec:     It  JA  evident,  then, 

iht)  eclipsea  are  visible  t(i  lu.  2G'6  s.  earlier  at  the  nearcat  tlian 

)ll»  nmntest  point  of  the  earth's  orbit;  in  olber  words.  tluU  this  Ik 

time  required  for  the  propagation  of  light  across  the  iUameti»r  of 

orbit.    Taking  this  diamctor  as  18-1  millionii  of  miUs,*  wu  have 

ilting  velocity  of  abont  180,300  milm  pvr  moow). 

i94B,  Velocity  of  lagbl  deduced   rron   Abenmtioo.  —  Abont  6f^ 

>  n*  Mii'i  BMM  dbtBim  frMii  tha  muth  v»,  vMil  rMnnlljr,  MtlK«t«d  >1  Mi  mlUtoiw 
h  k  now  ■ttnisud  ■!  Mt  or  n|  mUUmm. 
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963 


PBOPAOATIOS  OP   UQRT. 


years  after  Boemer's  iliacovery,  lirailley,  the  EnglLih  Mtltncaff, 
einplojred  the  velocity  of  light  to  explain  the  sAtronomual  pha»- 
mvRon  called  aberration.  ThU  consute  in  a  regular  period  dispb*- 
iiicnl  of  the  stom  08  ihmmi  from  tht;  varili,  tho  period  of  Uk  itiiiihii 
nivnt  being  a  ye&r.  If  thv  tliruction  iii  which  the  earth  i9B«% 
in  Ha  orbit  at  any  ioatant  be  n-ganlvd  w  tho  /vrvxird  tlindw 
every  star  constantly  appears  on  the  forward  side  of  its  trut  phlt 
so  that,  OS  the  earth  moves  once  round  its  orbit  in  a  ynr.  taAm 
doecrilx's  in  this  tiiuu  a  stuall  uppurt^nt  orbit  about  ita  tru*  fket 

The  phenomenon  it)  explained  in  the  samo  way  aa  the  faafa 
fact,  Uuit  a  nhower  of  rain  falling  vertically,  seems,  to  a 

ning  forwanU,  to  li«  coining  in  his  fan:.  Tite 
motion  of  the  nun-drops  with  rcspMit  to  hi*  bodf.i 
found  by  compounding  the  actual  volucitT  of  ikt 
drops  (whether  vertical  or  oblique)  with  a  rvboQ 
et|ual  and  oppoeJto  to  that  with  which  ho  niM  Tto 
if  A  B  (Fig.  655)  rcprcMtnta  the  velocity  with  vW 
he  runH,  and  C  A,  tlie  true  vuloctty  of  tb«  dnfKt^ 
apparent  velocity  of  the  dropn  will  bn  nftmatd 
by  D  A.  If  a  tube  pointeil  alou;;  A  D  inovn  bmpt 
parallel  to  it»clf  with  the  vi>locit3-  A  B,  a  (ln|i*i*r- 
ing  at  its  upper  end  will  pa»i  thruugh  ita  wbuiala^ 
witliuut  wotting  itssidcti:  for  wV'  [iiUhBr 

along  I>  B  (we  »up)Ki3e  with  <itf)l^ 

tubo  moves  along  A  B,  so  that  the  tower  end  of  the*  tuba  nshtV 
at  the  same  time  aa  the  i-ain-drop. 

In  like  manner,  if  A  B  ia  the  velod^  of  tho  earth,  and  CAtlv 
velocity  of  light,  a  telescope  must  bo  point«d  along  A  D  bt  aw  ilf 
which  really  lies  in  the  direction  of  A  C  or  B  D  prnducci  •W 
the  angle  B  A  C  is  a  right  angle  (in  otlier  wordd.  wht^n  th>  •t>r  j  = 
in  a  direction  pcr^nuidicular  to  thai  in  whicli  the  eartli  i.- 
the  angle  CAD,  which  Is  called  the  abenrntinn  of  th«  star.  uSf^ 
and  tlie  tangent  of  this  angle  is  tJie  ratio  of  tho  vi-l.--'"  .  c  ii.Mrt> 
to  tho  velocity  of  light.  Henc«  it  is  found  by  eon. 
velocity  of  light  ia  about  ten  thousand  times  gwattti-  Utaa  Uiat  «c± 
whicli  the  earth  moves  in  its  orbit.  The  Uttur  is  twdly  nwipii*^ 
if  the  sun's  distance  is  known,  and  is  ab«>ut  18}  mika  |ot  awJ 
Honce  the  velocity  of  light  is  about  1S5.0UU  milt«  par  meaai.  U 
will  be  aot4.'d  tluit  both  ttirae  astronomical  lucthkida  of  earn 
velocity  of  light,  dep«n<l  ui)on  the  kuuwlolgv  tj  the  vun'' 
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from  the  earth,  oad  that,  if  this  dUtanee  is  overestimated,  the  com- 
puted velocity  of  light  will  bo  loo  ^eat  in  the  same  ratio. 

CoDvcrHoly,  the  velocity  of  light,  as  determined  by  Foucault'a 
iiMlbod,  can  be  GiiiployM)  in  oooncetion  oithor  with  aberration  or 
the  eclipses  of  the  Aat4>llit(i«,  for  computing  tin;  tt\in'»  dUtance;  and 
ti)«  firet  correct  det«rii)ination  of  the  mn's  diatance  wa^,  in  fact,  that 
deduced  by  Foucault  from  his  own  resulta. 

946.  Photomgtijr. — Pliutomotry  is  the  measurement  of  the  relative 
•tnounts  of  light  omitt^^l  by  ilifrrrent  tfoiircw.  The  methodt*  em- 
ployed for  thia  purpose  all  consist  in  determinations  of  the  relative 
<lifitAiKe«  at  which  two  sourecB  prodaca  e<iUBl  intensities  of  illumina- 
tion. The  «ye  would  be  quite  incompetent  to  tiieaaure  Uie  ratio  of 
two  unequal  illuminationH;  but  ii  pretty  accurate  judgment  can  be 
formed  ae  to  equality  or  iiir[(uatily  of  illuminuliun,  at  leant  when  the 
mrboca  oom|tarr<l  nre  similar,  and  the  lighta  by  wliidi  they  are  illu- 
minAti>d  arc  of  the  same  colour.  The  law  of  inverse  sqiiarca  is  ahvays 
niAile  the  l-asiM  of  the  resulting  calculalions;  and  this  law  may  itself 
l-e  vcrilied  by  showing  that  the  illumination  produced  by  one  candle 
at  a  given  distance  iit  equal  to  that  produMd  by  four  candied  at  a 
lUwtarie.'  twice  as  fftvt 

947.  Bouffoer'a  Photomeler.— Bouguer'n  pliotometer  conaiste  of  a 


■     1    ^^^^^^^^^^^^^V< 
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i-tnuwpanmt  Mroen,  of  white  tiasuv  paper,  ground  glaaa,  or  thin 
white  porcelain,  divided  into  two  partb  by  an  opaque  partition  at 
right  angles  to  it    The  two  lamps  which  are  to  be  eompared  are 
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placed  one  on  cad*  sidt'  of  tbia  partiUon.  fto  that  each  <A  tiwm  iUn 
ii)inat«B  oD«-h&If  of  the  Lraiuparcnl  »er«eiL     The  (UtiUtic«*  ot  tbt 
two  lamps  arc  adjusted  until  tlio  two  portions  ot  the  mtmb,  h 
from  tho  bock,  appear  c<]Hally  bright.    The  tlutuiOM  an  tbtft 
siirivl,  luid  ilviit  squarea  ar«  aiwumed  to  be  diroctly 
tlm  i  I  hi  mi  tinting  powers  of  tht:  lainjui. 

948.  Rumford's  Photometer. — Kuinfur<rt«  photutneier  is  hawd 
tlie  oompariBon  of  shadows.    A  cylindric  rod  in  m)  (ilaood  Uiat 
the  two  lamps  cast«  a  shadow  of  it  on  a  screeu ;  and  tha 


tlf.  WT -aoarfM-i 


are  adjuatc<l  until  tlio  tn-osha'loWB  are  equally  dark.    Aa  ti» 
thrown  by  one  lauip  ia  iUiuninatoil  by  thr  othtr  lamp,  t^ 
i^on  of  liliadows  is  wally  a  contjiariKoa  of  iliuinuiatuuM. 

949.  Foucanlt's  Photometer.— llie  two  iibotoauteta  Jul  il^rihr' 
are  alike  in  principle,  hi  each  of  ttmm  thv  two  muTitemaufM 
are  il  I  u  mil  in  ted  each  by  one  only  of  tho  i»ourc«  of  li^ht  !»>»■ 
ford's  tJie  reiiiaitulcr  of  tlie  screen  ia  illurutnat«d  by  Ulk  b 
Botl'^ut'r'e  it  oonsiAta  mv-nsly  of  an  intervenio};  HUip  which  aife*- 
ntto'l  by  neither.  If  the  i>artiUoii  is  mo%abIe,  thi-  vffrvt  Y  iwnn 
it  further  from  the  screen  will  \m  to  ntake  iliia  dark  •tnii  bwidm 
until  it  disappears  aJtogeth.-r;  and  if  it  bea<K-an(n-d  ntill  f aithtf  d> 
t^vo  illuminate<l  jiurtiuns  will  overlap).  In  Kuumull'a  iil  iili^tn 
Utero  ia  an  ailjiutin^  Hcrew,  for  the  purpoao  of  advtodiw  tim  M>»- 
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I  far  that  tlte  dark  Htri|>  aliall  JumI  vaniiili.  The  two  Uluiuinftted 
ions,  being  then  exactly  contij^ous,  con  be  more  ea^v  and 
ily  compared. 
990,  Ba&Ma's  Photometer. — Id  the  instnuucnta  above  desctibed 
He  iwu  Bourcwt  to  bo  outupomt  aro  boUi  on  tbo  same  side  of  lh« 
en,  and  illaminato  difftreot  portions  of  it  Buiwen  iotroduMd 
lie  plan  of  placing  the  aouroM  on  oppOMto  kideti  of  Uio  Mcrcvn,  aad 
Icing  the  !tcre«n  consist  of  two  parU,  one  of  (boiD  morv  tnuMluct-int 
than  the  other.  In  his  original  pattern  the  screun  waa  a  aheet  of 
white  paper,  with  a  large  grease  spot  in  the  centre.  In  Dr.  Lethebys 
pBll4*m  it  is  oompooed  of  three  sbeet«  of  |>aper,  laid  ta«e  to  face,  the 
juiddta  ontt  beioc  v«ry  thin,  and  t)ie  utlicr  two  being  cut  sway  iji 
be  eentn.  m  that  tltn  conlrul  |>art  of  the  scrMO  oonaiabi  of  one 
ckoMw.  and  th4>  outer  part  of  Uirre. 

When  ouch  a  scTven  is  more  iitnxi^'ly  illuminated  on  one  side  tlian 
oci  tlw  ttther,  the  more  tnuLnluoent  jiart  appears  brighter  tliaii  Iho 
tnuulucent  when  seen  frum  the  darker  aide,  white  the  revena 
DOC  is  preeonted  on  the  brighter  sitlv.     It  ii>  therefore  the 
of  the  obsor\-vr  so  to  adjust  tlw  distances  Uiat  the  central 
eireumfen'ntial    parts  ap- 

X  A 
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rcqunlly  I'ri^iit   Wlienthey 
'  equally  bright  from  oao 
in    they    will     also     appear     j 
|aally  bright  front  the  otlicr; 
as   there   ia  always  soin« 
J0  ditri^rr-ncn  of  tint,  the  ob< 

r's  judgment  is  aided  by  seeing  both  ajdue  at  ottce.    This  is 

iroplUhed  in  Dr.  Lctheby's  photometer  by  means  of  two  mlnron, 

for  tach  ey«,  as  r^reseoted  in  the  aooompen^-ing  ground-plan 

is  the  sareen,  and  nm  are  the  two  uiirrors,  in  which  images  ^^ 
Man  by  an  obnervor  in  front.    I'he  frame  which  carries  the 
.  and  utrron  travels  along  a  graduated  Imu-  A  B,  on  which  tho 
I  of  tito  screen  from  the  two  lights  are  indicated. 
I  all  delicate  photometric  oleervationA,  the  eye  should  be  shielded 
direct  view  of  the  lights,  and.  as  much  as  possible,  from  all 
Etrancoua  lighfai.    The  objects  to  be  compared  should  be  brighter 
anything  else  in  the  field  of  view. 

il.  Pbotometera  for  very  Powerful  Llgbta.— In  comparing  two 
unequal  lights,  for  example,  u  {)owi'rful  di'Ctric  light  and  a 
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standard  candle,  it  h  scarcely  [xK»ible  to  obtain  an  obMrviag' 
long  enough  for  a  direct  coniparUon  by  any  of  the  abora  iwi^twA 
To  overcome  this  difficulty  a  lens  (either  convex  or  eoota,n\ii 
Bhori  focal  length,  may  be  employed  to  form  an  image  of  the  wn 
powerful  source  near  iu  principal  focus.  Then  all  Uie  Ugbt  lihaA 
ti\is  source  svmU  to  the  k-iw  may  be  rvgarded  aa  diverging  firooilb 
ima^  and  filling  a  iiolid  angle  ct^ual  to  that  which  the  teiu  mtUmik 
at  t)ie  image.  In  other  word.%  tlie  illumi  nations  of  the  len  itilB 
due  to  the  source  and  the  image  are  e<itinl.  Uencv,  if  S  and  I 
the  dist&noea  of  the  source  and  im^e  from  tho  lens.  tli«  iaagi  i 
weaker  than  the  80urc(>  in  the  ratio  of  I*  to  S*.  anil  a  diract  a» 
pamon  can  bo  mode  between  tliv  tight  froai  thu  imag«  tad  tul 
fruni  a  i«tAndard  candle.  Thus,  if  a  screon  at  disUnn  D  tnm  lb 
image  haiK  tlic  same  illumination  from  tbu  luiage  an  from  a  oaAi 

at  distance  C  on  the  other  aide,  the  image  is  e(|ual  to  a  fludhi.*' 

the  source  itself  to  »  m  candles.    A  correction  must,  howtvfc.  b 

applied  to  thia  result  for  tlic  light  lost  by  reflection  at  th« 
nf  the  lena. 


i 
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B08.  RefleetloB.— If  »  Imwii  of  Iho  .tunV  rays  A  B  (Fig.  659)  b« 
«'lmitt«<l  through  &  bui&II  hole  in  th«  nhutUir  of  a  dark  room,  and 
kUowmI  to  fall  on  a  poliiUied  plane  surface,  it  mil  !« iteeii  to  eontiout 
tte  courae  in  a  (Uff«niiit  tlizectioa  B  C.    This  ia  ao  axatnple  of  reflee- 


riB.  «a-a«aM(U  «f  u^«L 

A  B  ia  called  the  incident  Uiatn,  and  B  C  the  nfleotod  beaiti. 

Iia  anglv  A  BD  contained  trttwiwn  an  incident  ray  and  the  normal 

oUled  tito  angla  of  incidonco;  attd  tlic  anglv  CBD  cuutaiood 

twwn  th«  eotTM^xmding  nfloctod  ray  and  Uie  normal  is  oallad 

an^jlu  of  refioetion.    Thd  plane  A  B  D  containing  tliu  incident 

ty  anil  tlio  normal  U  called  tlie  plane  of  incidence. 

B53.  LawB  of  Refleetion. — I'he  reflection  of  light  from  poliahed 

takea  place  according  to  the  following  lawB: — 
1.  Tho  reflected  ray  lies  in  the  plane  of  inoidenoe. 


MB 
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S.  Tlic  nngla  of  rGlli^ctioii  in  e(|ual  to  Uio  angla  of  buwkMH 
Theae  laws  may  Iw  veritied  by  means  of  the  appuntus 
ill  Fi^.  600.     A  vertical  dividvd  circle  has  a  small  poluhid  JJU* 
fixed  at  its  centre,  at  right  angl<«  t<i  iu 
and  two  tubes  travelling  on  iu  i-iiai; 
with  tlieir  axes  always  ilipcct*«I  towatd* 
ountn>.    Tho  zvro  of  the  clivi«ion»  tstht 
jHiint  of  tlie  circle,  the  pintc  Iwiti^ 
A  source  of  light,  such  a»  tb« 
eandli>,  U  plac«d  so  that  itti  m}-»  fiitou 
one  of  Uio  tubes  upon  the  plat«  at  tlu 
As  the  tubes  are  I'lnckmed  iDttfniaUy.lu 
passes  through  except  in  a  dirwUun 
'***5i£fiS!"S""'*"  P«»ci5ely  parallel  to  tho  axis  of  th«.  tgba    IW 
otMen'ur  then   looks   thnnijrh   Ok  ulhfr  tti* 
and  movcti  it  along  the  drcumfcrvnce  till  he  flada  tht  ] 
which  tho  n-flected  lt<;bt  is  visible  thnxigh   it.     On  axaiatiii^  '-^ 
t^ruditatioiw,  it  will  W  found  tliat  Uto  two  tuboa  an  tt  ftt 
diatoiicv  froDi  tho  xero  poinl>  on  ripposltti  sJiIgs.     Heno  il>»  u:-" 
of  incidence  and  reflvction  are  equal.     Mur^ovrr     '  '^ 

(circle  it  iho  piano  of  incidence,  and  thi^  aIko  co«  i  '  9* 

rays.    Both  the  laws  ar«  thus  veri6ed. 

954.  Artificial  HotiMB.— T1ip»w  la«s  furnish  th>-  Inutiit  of  a  nfL-.- 
of  obaervutiun  which  is  fn.*<]uently  ettiployed  for  det4ir(ui&i^  t" 
altitude  of  a  star,  and  whk'h,  by  tiw  cuuf<iM«ney  ot  its  rwalaal^- 
nbhes  a  very  rigorou-t  proof  of  the  iaWH. 

A  vertical  divided  circle  (Fig.  GO!)  is  srt  )U  a  votkal  pluti* 
proper  adjustments.  A  telescope  movable  alioat  tb*  axit  of  thi 
circle  in  pointod  to  a  |>artieular  star,  mi  that  ItN  llna  at  colGnli* 
I'S'  paiMLM  through  Ihi;  ap[ian-nt  place  of  the  ator.  Aiwtfatf  ■i'*' 
scope,'  similarly  inouuled  on  Uie  otJier  side  of  tb«  einlr.  ii  fnOiii 
downwards  along  the  line  I'  R  towaivls  tiir  imagv  of  lite  >tar  m  ^ 
in  a  trough  of  mercury  I.  vVssuming  the  trutli  of  the  lavi  of  ni* 
tion  as  above  stated,  the  altitude  of  (liu  star  l»  tuilf  tbi>  aiif,>l*  bft^n* 
Ujc  directions  of  tho  two  telMcopcs;  for  tho  ray  S  1  froia  llw*f  <" 
the  uiercui';)-  ia  parallel  to  the  line  S'  I',  by  n-aaua  of  th«  miwiirfj 
great  distance  of  tlie  star;  and  since  the  rays  S  I,  1  R  an  aqM^ 
inclined  to  the  noniml  I N,  which  Li  a  vcrticiLl  Itnc,  lh«  Itoo  1^.  I*' 
are  also  equally  inclined  to  the  vertical,  or,  what  U  tltf  •ainc  tU^ 
*  In  praulk^  •  (tnifle  tdvaoof*  UMuUy  mttu*  tar  1)atk 
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aro  pqoully  inclined   to  a  liorizoutal  plane.      A  rofloeUac  eurfacu 
I  of  mcrcuiy  tlnia  useil  Li  ritUi-il  a  mercury  horizon,  or  an  artijiciul 


¥H  MI.-li«UkW  Iktugn. 

ObHTvaUoos  Uins  mad*  give  even  tnori'  sronreto  rMalta 

1  thoM  in  whidi  lh«  natora)  boriaon  proM-iitvil  by  tho  wa  b  mada 

'  Htao<lanl  of  retorcnce. 

y  Irre^lar  E«flection. — The  refloctioa  which  we  havi>  tliw  fur 

<li>citv«ii]};  is  catli-<l  n'jular  re/Mlion.    It  is  mora  niukMl  m 

rtdecting  surfneo  bi  mom  ]iif;hly  polishcil.  and  (t)xc«pt  in  the 

'  of  metaia)  a*  the  indd^ncv  in  iti'>rv  obliijur.     Rut  Uiptd  m  lui- 

kind  of  Kftection.  iu  virtue  of  wliich  budieti,  when  illuiiiinAtod. 

out  light  in  all  directions,  and  thus  become  viNiblo.    Thla  ia 

irrerfuJar  rejiection  or  dufiuiton.     Regolar  reflection  does  not 

'  tha  mflectini;  body  visibli;,  but  vxhibila  iuiagoa  of  Burroumiing 

jacia    A  perf<-ctly  reflecting  ntirror  would  b«  itaelf  atiaecn,  uid 
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actual  mirrors  arc  only  visible  in  virtue  of  Ui«  BtuftU  i^tiuititr 
tlilVuHud  light  wliidi  they  usually  emit,  lliu  tnuwf onuotioii  of  i»- 
cid«nt  into  diffused  light  ts  usually  solective;  so  that,  tturaj^  tk* 
incidiMit  beam  may  be  wliit«,  tlio  dtf!uscd  light  is  osaally  eoloond. 
The  power  which  a  body  posaueaws  of  making  such  aelwUua  eeMb> 
tutCH  itn  colour. 

Tlie  word  re^eetion  a  ofton  U8«d  by  itttidf  to  dfitote  what  w  kan 
hero  railed  t^juiar  rtfitction,  and  we  Hhall  generally  m  employ  II 

936.  Uirrors. — The  mirrors  of  the  ancients  wore  of  mMal,  nn^ 
of  ihu  compound  now  known  as  spcciilum-met«L  LooluDg-jldfll 
date  from  thu  twelfth  century.  They  ort^  phktea  of  glaxs.  ooaU^P 
the  back  with  an  amalgam  of  quicksilver  ontl  Lin,  which  fom*  ^ 
reflecting  surface.  This  arrangement  has  tlie  gnat  advialici  4 
excluding  the  air,  and  thus  preventing  oxidation.  It  it  otMiM. 
boWKTWr,  with  tlic  di!uuU*antage  tiuit  thu  surface  uf  the  ^la  ui 
tlie  fturface  of  the  amalgam  form  two  mirrors;  ajid  the saperpatilM 
of  the  two  sets  of  images  produces  a  oonfiLsion  which  wobU  kit- 
tolerable  in  doUcate  optical  arrangements.  The  uiirron.  or  ipadb 
as  they  are  called,  of  rcttocting  telcflcopes  ore  usually  mode  of  «p»- 
Iwrn-mttal,  which  in  a  broiuu!  composed  of  about  32  parti  gl  cgff 
to  15  of  tin.  Lead,  antimony,  and  arsenic  are  aometimea  iim  Of 
late  years  specula  of  glass  coated  in  front  with  real  silver  hat«  faaa 
uxteDsivcly  used;  they  are  known  as  »ilvernd  ^)eettta,  A  ciaHt 
of  platinum  hu  also  been  tried,  but  not  with  much  ■nmm   IV 

minors  empluyotl  in  optica  ars  omD; 
either  fUmr  or  i^JifricaL 

957.  Plana  Mirroro.  — Br  a  flm 
mirror  we  maui  any  piano  ntiem 
,^flurfaee.  Its  oflcct,  as  is  wdl  kMU. 
is  to  produce,  behind  Uie  minarjMp 
exactly  similar,  both  Id  fora  aail  ■& 
to  the  real  objeots  in  boot  of  ii  Hi' 
phenomenon  ia  eaailj' ezplaim<d  byd* 
laws  of  rellKiion. 

Let  M  N  (Vig.  66S)  b«  a  plow 
ror,  and  S  a  lamionus  putnt 
SI,Sr,Si'|>roc.-edingfnin(hkH^ 
give  rise  to  reflected  ray»  10,  I'U',  1*0';  and  e«di  d(  tkK it 


ng.  m— n*B«  wnor. 


produced  backwards,  will  meet  the  normal  S  K  in  «  point  S*.  < 
is  at  the  same  distance  behind  the  mirror  thai  8  u  ia  bvaCf 


UUOK  IN  FLANK  HUtitOK. 
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' '    Tile  reflected  ny»  liAvo  tlicruforo  Uio  Mtne  dirvctlom  u  tf  Uiey 
coiiio  from  S',  ami  Uie  eyo  rccvives  the  same  iinprcmion  m  if 
were  «  lumioous  point. 

Fig.  063  rcpresenU  a  pencil  of  ra}-s  emitted  by  the  highest  point 

A  eandle-flamc,  and  re- 

from  a  plane  mir- 

to  tlie  eye  of  an  oU 

r.  The  reflected  rayn 

I  divergent  (like  the  in- 

it  rajTi).  and  if  pro- 

backwards   would 

iie«t  in  a  point,  which  U 

lie  podition  of  tlic  image 

the  top  of  the  flainii. 

Aa  an  object  ti  inaclfl  up 

points,  these  principlea 

how   that   the  image  of 

object  formod  by  n  plane  mirror  must  be  iM|ual  to  the  object, 

i^inniotricftlly  situated  with  reopoct  to  the  piano  of  the  mirror. 

ruample.  if  A  B  (Fig.6e4)  is 

I  object  in  front  of  the  mirror, 

I  eye  placed  at  O  will  see  ttie 

'  of  the  ]>oint  A  at  A',  the 

I  gf  B  at  B',  and  so  on  for 

the  other  points  of  the  ob- 

Th«  poaitjon  of  the  image 

i'V  depends  only  on  tlie  |>(»i' 

.  of  the  object  and  of  the 

lirror.  ami  retnaimi  stationary 

.  the  eye  ia  moved  about.     It 

poonUe.  however,  to  find 

itioos  from  which  the  ey« 

]]  Dot  MO  the  untg»  at  all,  tbo 

iidition«  of  viaibility  twiog 

I  wune  an  if  the  image  were  a  real  object,  and  the  mirror  wen  an 
ling  tlirough  whidi  it  could  be  seen. 
The  images  formed  by  a  plane  mirror  aiw  0nd.    Thay  an  not 
ever  exact  duplicates  of  the  objectn  from  which  they  are  formod, 

'1W*baTUMrt(rM[itWoaiDfi*riMa(<tb*twaUki«l«i8KI.8'Kt.  bMri^  lanbd 
t  a*  ■«!>  » 1 8  b  viMl  W  Uw  alMnwti  M^  1 8  K.  mmI  N I U  w  K  S"  L 


1%.  Ml  -iMMal  104  KidMtol  rmOln 
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but  <lifrpr  from  thi-m  precisely  in  the  same  way  as  ihe  Idi 


band  dilTcra  fruui  tlic  ri^lit    The  icisge 


IV  ML— SaOwlloa  ttnm  Ivn  VBnm*. 


prioteil 
oppeuBnee  of  Uu  |«f«  « 
sf^'n  through  thb  ])*pT  fna 
tliu  back,  or  like  the  t^i 
from  which  the  ptgt  v» 
priutccL 

968.  InukCM  of  !&■!&— 
When  rajii  from  » 


point  nt  faavo  btai  n4fll 


from  a  mirror  A  B{7i; 

their  eulneqiMnl  oxn  * 
the  same  fi»  if  Uiey  haO  cottio  from  tJio  imagn  m'  nt  the  lack  rff 
the  mirror.  Hence,  if  they  fall  upon  a  wwnnd  mirror  CU.ani 
nC  of  the  first  image  will  be  fonncii  nt  the  httck  uf  tiw 
mirror.  IE,  after  tliis,  they  uadct^  a  tliinl  roSuctimk  u 
of  m'  will  be  formed,  and  so  on  i»de6nit«1y.  The  fit;un  ■)»««  lik 
actual  paths  of  two  nij-'*  m  irs,  mi'  ¥  a.    Tlixy  "livptgt  Soi  bm 
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m,  then  from  m,  and  lastly  from  m".     TM»  ia  the  priadpl*  (^  ^ 
multiple  imagvs  formud  by  two  or  more  luimm,  a*  io  the  EoUovil 
i>xperiinent(4. 
959.  Parallel  Uinora.— U-t  an  object  O  b«  placol  t«tvM>  *"> 


iHAoKs  or  Duau 


lei  mirrore  wliich  fuou  each  •/tlicr.  as  in  Fig  C(M!.  Tbu  Snt 
DEui  will  fonu  iuiAgOB  a,  o^.  11iu  second  relloctions  will  fonn 
UBageia,o,o{  Um  flist  inw^w;  uul  Uic  tliinl  ruflcvtions  will  form 
imagoi  OiO,  uf  the  wooikI  tmagosi.  Tbo  ligiiro  npreaeola  an  i^  ru- 
oeiviog  the  rays  which  form  thr  fhird  tmo^,  and  shows  tlic  patlis 
which  thete  ntys  have  taken  in  tlifJr  whole  ci>urMi  fruni  tliu  uhjcct  O 
to  the  eye.  The  ny«  liy  wliiob 
th«  moe  9J9  sees  thu  otliiT  itiin;;M 
u«  omitted,  to  ftvuid  c-on'uxiii^ 
tb«  figure.  A  long  row  of  iniagcn 
can  thus  be  Men  at  once,  becom- 
ing more  and  more  dim  aa  their 
moede  in  the  distance,  in«imiicli 
H  each  refl«ction  involvv»  a  U»« 
flfUffht.  ■  I  " 

If  tlicmlrronarotnilyimriilM,  [ 

aU  the  Imagm  will  W  rang<.->l  in  n,  w-uiinnMB^iA«iM 

one  atrnight  ticx;.  wliidi  will  U' 

normal  to  tlio  uiirrore.    If  ilie  mirrors  am  ineliucil  ai  an^  angle,  the 
ima^^js  will  he  ranire<l  on  tl»o  circumri-itmoc  of  a  circle,  whose  centre 


•  N 


.->     Mimnut  IU4U  Jlnilii 


lh«  lino  in  which  th«  rcflocting  surface*  wunid  int«n(ect  if  pro- 
'rbi«  principle  i»  Mnetimes  em]>l(>ycd  a«  a  neona  of  Hdjiutiog 
tttifTom  to  «>xnct  parallelism. 

960.  MliTon  at  Bight  Angles.— Lot  two  niirrora  O  A.  O  B  (Fig.  067). 
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be  set  at  right  angk'n  to  i-ac)i  othvr.  fatciog  inwanU,  and  l«i 
lumiaouA  point  plAccd  lMtw«cn  th«ta.  ImagMS  m'  m'  will  b« 
by  tintt  rcfloctiom.  And  two  coincident  inuges  will  be  formnl  at 
second  refl«otioTU.  No  third  reflection  wUl  occur,  for  tb«  potit »",' 
being  Whind  the  planes  of  both  tbe  mirrora,  cannot  b«  r*fl«etal  ii 
eitJier  of  Uiem.  Counting  the  two  ouinciJeot  images  aa  ooe.attt 
counting  the  object  aa  one,  there  will  be  in  nil  foor  images, 
at  tlie  four  comers  of  a  rectangle.  Fig.  64i8  will  give  an  idea 
nppi-'iLriLucv  actually  proist-ntoil  when  one  of  tbc  miiron  la 
and  the  other  horizontal.  \^'hen  both  the  mirrore  ai«  mtkaliv' 
observer  seen  hia  own  image  constantly  biaect«^)  by  thvtr 
section  in  a  way  which  appears  at  tirst  sight  very  pandoxieaL 

961.  Mirrors  Inclined  at  60  Depresa. — A  symmetrical 

"f  itiin^os  may  be  obtained  fay 
n  juiir  of  mirrors  at  any  aofb 
\x  an  ali(|unt  part  of  3(i<V*,  U,  (r 
example,  thoy  tw  iDvlinvd  M  AT  M 
each  other,  the  number  of  isags 
counting  tJie  object  itaelf  as  MW,  ^^ 
\tc  six.  Tlivir  position  u  JflnhiM 
by  Fig.  66!).  The  object  i*  fkeai  b 
the  sector  A  C  B.  The  faiu^en  i<ad 
\<y  first  r^lWtiona  n  ik* 

t\voneigMK/uri»jj».  ii.  ;  - .  ..  -' B, 
thu  iiDagea  formed  by  trnmi  rA» 
tiont  arc  in  the  s<>ctor»  H'  C  A",  A  CI" 

and  these  yield,  by  third  reflectioiu,  two  coinctdeni  iitiiip!>  is  tb 
stcctor  B' C  A',  which  is  vertically  oppodio  to  tlir  ■if<-t.T  AiF  : 
\vhich  the  object  Iie<i,  and  in  therefore  bohiml  the  ptaiw  U  hA 
mirrors,  »o  that  no  further  reflection  can  uccur. 

962.  Kaleidoscope. — The  symmetrical  difttribnUon  n(  imsfm*^ 
tained  by  two  niiTTors  inclined  at  an  angle  which  t*  an  tHijadt  psR 
of  four  right  angles,  h  the  |irinciple  of  the  tafei.loMkypt.taafi^ 
toy  invented  by  Sir  I>a\-id  Brewster.  It  owmiats  of  a  tubr  wnlMHr 
two  glai»  ])kt(u!,  extending  along  it3  wluita  length,  and  indnirf  M 
an  angle  of  CO".  One  end  of  the  tube  is  closed  by  a  mrtal  plate.  nA 
the  exception  of  a  hole  in  Uie  centra,  through  which  tbi>  ifaanv 
looks  in;  at  the  other  end  ihvrearo  two  plates,  one  of  fvnMml  aad  ^ 
other  of  clear  glastt  (the  latt«r  being  next  the  eye).  wiUi  a  uiiwtT 
of  little  pieces  of  coloured  glass  lying  loosely  l>ctwecn  them,    tte 


riji,  eoa.'.Iinsoca  m  ICiJeI<](«»ra' 


haws  or  HAOBS. 
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coloured  olijt^cte.  together  with  their  iinag«A  in  ttic  inirmm,  form  tyuf 
metiical  patterns  of  great  beauty,  whidi  cu  W  vAri«il  by  turning  or 
shaking  Ui«  tube,  ro  iia  to  cawte  Uie  pt«ceH  of  glam  to  change  tlteir 
positionii. 

A  third  reflecting  plate  '»  sonietinies  employed,  the  cnMs-sectton 
of  tlic  thnx'  fonning  an  equilateral  trtan^'lp.  As  each  pair  of  plates 
produccM  a  kalvidosoopic  pat4«m,  thi:  arrmngoment  is  nearly  ^uiva- 
)«nt  to  a  conihination  of  tlirev  kaleidosoopea. 

The  kal^i<Int4C'ifM>  Is  capable  of  rendering  important  aid  to  designers. 


670  rttprcHcuts  a  imttvm  prvduced  by  the  et)iiilalem1  arnuig«- 

nt  of  tliixr  ifdwtons  just  df-scribwl, 

968.  Popper'*  Ohost — Mnny  ingcniuu*  illuxioiw  liavo  been  oon- 

Tod.  depciuliog  on  tlio  lawn  of  rollrvtion  from  plane  iturfaeca.  W« 
mention  two  of  Uie  uiost  modem. 

In  till;  tnaijic  cabinet,  there  are  two  vertical  luirrora  hinged  at  tho 
two  back  comers  of  the  cabinet,  and  meeting  each  other  at  a  right 
angle,  so  aa  to  make  angles  of  +5*  with  the  sides,  and  also  with  thu 
hack.  A  spectator  seeing  the  images  of  tlio  two  Hirlva,  niutakcM 
tbciu  for  the  )<ack,  which  tliey  prudiwly  nwamble;  and  porformerk 

E'  be  ounoealed  beliitid  the  luirrunt  whoa  tha  cal>ini.'t  ajiiwan 
ity.  If  one  of  thv  perkom  tlnu  concealed  rabica  hin  iK-ad  above 
luirrurM,  it  will  appear  tu  be  stui]>ended  in  iiitd-air  witboat  a  body 
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The  striking  apeciral  illusioD  known  aa  I'^pjm-'a  Gttvtt  i>  | 
hy  re&oction  from  a  largo  shixt  of  uosUvcnstl  gltua,  wUdi  » 
ranged  that  thv  actors  on  tlic  stage  am  Mwn  through  il.  whtl«  otksJ 
actors,  ])]iicc't  in  Ntrun^  ilhiminati'in,  an<)  out  of  tliu  •lirr'ct  \iew  i 
spectators,  are  seen  \>y  rejection  in  it, and  npp<>nr  an  ghonuoiitli^il 

964.  Deriation  produced  bj  Rotation  or  Mirror.  — Lot  AB  (Fij 
67t)  represent  a  mirror  prpendicular  to  the  plane  of  th«  )A[i(T,Uid 

capable  of  L«ing  rotated  ahoul  an  tu 
tlirouj>h  C.  aim  perpendicuUu'  to  tht  ptfrr. 
and  let  I C  represent  an  indtknt  a} 
When  tlie  mlmir  is  in  the  poNiUna  A  t 
periiendicular  to  I  C,  the  ray  will  t»  re 
fiectcd  directly  hock  upoo  iia  eoom,  t« 
when  the  mirror  ts  turned  ihroogh  Ik 
actit«  angle  AC  A',  thu  rvflccted  njvfl 
take  the  direction  C  K.  makinj,'  wiUi  Hr  | 
i«i.-E«.cirf™uiu.,.»nm.r    ^^^^  ^N  an  angle  N  C B.  eqtiJ  totfc. ' 

angle  of  incidenco  N  C  L    The  deviation  I  C  R  uf  the  rcflMbJ  b^-^ 
produced  by  rotating  the  mirror,  is  therefore  doulile  oC  the  an^  IC 
or  A  C  A',  througli  which  thi-  iiiirror  has  been  tiirticd ;  and  if.  i 

from  the  positiuu  A'B*,  wp  tm  i 
mirror  through  a  further  an^  *  Ikbl 
reBected   ray    C  R  will    U  ten^l 
through  a  further  at^  S  A    II  ite  I 
a[^iears.  that,  idien  a  fiaiu 
ia  rotattd  in  Om  fJaiu  ^  JMJwft 
/Ac  AiTtiAwn  vf  ths  rtjUdni  m|  » 
ehungtd  bf/  doubU  tkm  att^  ttn^ 
trAuA  the  mirror  u  tunni.   Cm 
verwly.  if  we  aasign  a  coulaiAim- 
tion   CI   to   the   rdlected  tay.  *» 
direction  of  the  incidaat  raj  BCi^ 
\-ary  by  doublv  the  ngi*  i*"^ 
wliicti  the  mirror  ia  taniMl 
96fi.  Hftdle/a  Sextant.— llio  above  principle  i»  illiutiatMl  a  ti< 
naatical  instrument  calk-d  the  ttixtant  or  ymadmtU,  vhidi  «i*  * 
vent«d  by  Newton,  and  reinvented  by  Uadley.     It  aerre*  Eti^  ! 
surinir  the  angle  between  any  two  dutaut  olijoetn  a»  iMD  (ntt'lb 
station  occupied  by  the  observer.    Its  essential  part*  are  i 
in  Kg.  r>7Z 
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It  IiiiM  two  ptftru)  mirrort  A,  B,  ono  of  nliiv}!,  A,  is  fixed  to  the 
(nine  »t  tJic  iiuiruoient.  and  is  only  )i«rtiaU>'  ailvercd,  so  tliat  a  ditj- 
tant  objoct  in  the  direction  A  H  can  be  seen  tfarougb  tbo  tinailvenid 
|«rt.  Tlie  other  mirror  B  13  mounted  on  a  ino\'al)lv  arm  B  1.  whidi 
curia  an  indux  I,  trnvcnung  a  j^iwlunt^tl  arc  I'Q.  Wliun  the  two 
mirrors  arc  parallrtl,  this  iudvx  in  at  P.  tho  zero  of  the  grsduatioas, 
•04  a  ray  H'  B  int-idvnt  on  B  parallel  to  fl  A,  will  be  r^ected  tir«t 
■loDg  B  A.  and  tlien  along  A  T,  the  continuation  of  U  A.  Tliv  ob- 
Mrver  looking  through  the  telescope  T  thus  twc«,  by  two  reflcctioas. 
the  same  objectA  which  he  nlfio  9ccs  dirt^ctly  tlir^ii<;h  tlie  unHitvcrcd 
part  uf  the  mirror.  Now  let  the  indux  be  nJvaneed  Llirou};h  an  angle 
0;  titvii.  by  Uu>  principles  of  laitt  aoetioit,  the  incident  ray  S  B  mak«B 
with  H  B.  or  H  A.  an  niiglit  2  9.  Ilie  angle  between  8  B  and  U  A 
wonlil  lh(.'rofore  be  given  by  reading  off  the  angle  through  which  the 
index  has  boen  advanced,  and  doubling;  but  in  practice  th«  arc  PQ 
L»aJwa)'Hgr4uliint«-il  on  theprinclpleof  nuLrkiu;;lialf  (lq;iwaa8w))olc 
onm,  M'  thiu  the  reading  at  I  in  the  re<|uiix-d  angle  SS,  In  a'ung  tlie 
iiHtrutnent,  the  two  objeeta  which  are  to  be  obwrved  are  brought 
into  nj-jiarent  coincidence,  one  of  tl»eui  being  seen  directly,  and  the 
utliir  l<y  KUccBHsive  reflection  from  tlie  two  inirroni.  This  coincidence 
b  not  dtnturbo)  by  the  notJoo  of  the  ship;  but  unptBetEHod  oljiMin-ant 
often  l1nil  a  diffii-uity  in  keepng  both  objcctn  in  tlie  tlold  of  viuw. 
Dark  gUwoa.  not  shown  in  tlie  figure,  are  providL-d  for  prutocting  the 
vyv  In  obMrrations  of  the  sun,  and  a  vernier  and  reading  mierosoopo 
art)  j)ro%-i<K'd  in&trad  »t  the  pointer  1, 

066,  Spherical  Hlrrota. — By  a  spherical  mirror  w  meant  a  mirror 


IK  Ori-PilDilp*!  rnnik 

whoM  reflecting  surfaoo  it  a  ]>ortion  (usually  a  vci-y  small  pottJoa) 
f  the  Hurfnce  of  a  ttphore.     It  in  concave  or  convex  According  a^  till 

LI.  .  :••  i\v  ijiiuido  of  tlie  spherical  aurfnce  yieldn  the  reflvction.  Thi 
ovntre  ot  tlie  ^here  <C.  Fig.  673)  ts  called  lh«  centrt  t>f  cwvatwn  at 
. 
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the  niirror.  If  the  miiror  b&K  u  circular  boundarj',  as  ia  osoilly  (b 
case,  tlie  central  point  A  of  tlic  rvilccting  snrCwM  may  ooBVMuenUjr 
be  called  the  poU  of  the  mirror.  Caitre  of  the  mirror  ia  so  omlip' 
ons  phrase,  being  employed  soD>«timM  to  denote  Uia  pole,  ai  ■€■» 
timeB  tht^  cvntru  of  ctir^-nture,  Tlie  line  A  C  in  caUmI  th«  j/rumipd 
atew  of  tite  mirror,  and  any  other  straight  lioo  through  C  wlwk 
meets  the  mirror  is  called  a  aecovuUtry  uxU. 

When  the  incident  rays  are  parallel  to  the  princij*!  axis,  Uu  r»- 
ttected  rays  converge  to  a  point  F,  which  U  called  Uk  priwifd 
foem.  This  law  is  rigorously  tni«  for  jiaralwlic  Dkirrorm  (geamtlM 
by  the  revolution  of  a  parabola  about  iU  princijiat  axis).  Par  ifhr- 
ricol  mirrors  it  ia  only  approximately  Itmh,  but  tlie  ap|irnstiMtia 
is  very  dose  if  the  mirror  is  only  a  very  small  portion  of  an  «atn 
sphere.  In  grinding  and  polishing  the  specula  of  laijie  nri«tiv 
teleM!>^>eK,  the  attompt  is  mado  to  give  theiti.  aa  onriy  a>  po^- 
the  parabolic  form.     Parabolic  mirrors  art-  also  freciucnlty  emakfd 


fe. 


to  rcRcet,  in  a  dvfinite  direction,  the  rays  of  a  lamp  pland  il  ** 
focus. 

Rap  rofli'oted  from  tlio  circumftiruntial  portion  of  a  spbttiflil  V 
tor  are  always  too  eoavergent  to  concur  oxactly  willi  thm  ntfi*' 
From  the  central  portion.  This  deviation  tnm  «taet  ojimwi—  » 
called  siJierieal  aherralion. 

867.  CoDJogate  Foci. — Let  P  (Fig.  674)  be  a  luminooi  pdial* 
ated  on  the  {mncipal  axis  of  a  spherical  uurror,  and  \ei  PJ  bd>^ 
the  raya  which  it  M-nds  to  the  mirror.  Draw  the  tMmal  OL 
is  simply  a  radius  of  tlic  sphere.    Tlien  O I P  ia  Hit  ongk  of  ■ 
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■DM,  um)  th«  uij^h  of  ntlloction  0 1  P'  tnunt  be  equal  to  it;  licoce 
01  biaecto  an  angle  of  tlio  triangle  PI  P,  and  therefore  w«  have 


IP         OP 


C«t  p.  p  <Icnot«  A  r.  A  F  respectively,  ami  let  r  (lcnc}t«  tlio  ra«lias  of 
the  sphere.  Then,  if  the  angular  aperture  of  the  mirror  is  nmall.  I  P 
'm  sensibly  etinal  to  p,  and  IV  to  p.  8ulwtituUng  Uics«  approzi- 
mato  valuer,  tlie  prM««ling  equntiun  bucontvs 


t  -  r,: 


fr  +  lfr*  ijip'! 


r,  dividing  by  pp'r, 


1.1.3 
-    *   n  —   -• 
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fommlji  dct4<niiinr4i  the  petition  of  Uio  ]>oint  V,  in  whidi  thd 
ray  cul«  thv  principal  axU.  and  itbuwH  that  Jt  ia,  to  the 
iney  of  our  approxiiuation,  independent  of  the  position  of  the 
I,  that  ia  to  say,  all  tliu  rays  which  P  sends  to  tlte  mirror  are 
lect«d  to  thtt  sa»i«  point  P*.  Wo  have  assutnod  P  to  bo  on  Ui« 
inHjinl  axiN.  If  wi*  had  tAkon  it  on  a  Kocondaty  axis,  nis  hip  (fig. 
(174).  wo  Mlxmld  havo  found,  by  tlic  same  prooew  of  reasoning,  tliat 
Uie  n9l1eet«d  rays  would  all  meet  in  a  point  ;>'  on  that  seoondary 
axis.  The  distinrtinn  U-tw<!on  pnmary  and  sooondaty  axes,  in  the 
cue  of  A  NphericAl  mirror,  is  in  fact  m«roly  a  matler  M'  convenience, 
nut  rvprmuuting  any  emential  difTercnco  of  jfropviiy,  Honoo  we  can 
lay  down  tbc  fnllowini;  gcn'Tnl  pn^positiim  ax  true  witliin  liinitft  of 
•-rriir  corrwponding  Ui  tin-  ApiiMxiuinti*  (.fiualiticH  which  wo  haw 
alH>T«  aaninted  an  osact: — 
,  £ajf  precttding  fi-om  any  ffirtn  point  iit  front  of  a  conmvt 
mirror,  urt  nfifClnl  eoaato  meet  in  anotArr  point;  and 
•  tint  joining  the  two  point«  ptueeA  Ihy-ottgli  the  centra  of  the  Bpkert. 
IJfc  {■  evident  that  raya  prooi-'-'linc;  from  tho  second  point  to  thr 
r,  would  b«  T«fl«>ctud  in  tlie  limt.  Hie  relation  betwoon  tbvni 
I  tlierrfore  mutuAl,  and  thi>y  are  lienoe  eallod  conjutjate  foci.  By  n 
in  genrntl  is  meant  a  point  tn  which  a  number  of  ravB,  which 
Jly  came  from  Uie  same  point,  meet  (or  wouM  nii^i-t  If  pro- 
1):  and  the  rays  whidi  thus  piiM't,  taken  oullectlvely,  am  callod 
iciL  Flp.  675  represent*  two  |H-iicil8  of  myii  whoM  foci  H«aro 
jugate,  so  that,  if  *iUier  of  thoni  \»  re^^anled  m  an  incident  pencil, 
I  otlwr  will  bn  tlic  comMponding  rellect^Nl  |>«nciL 
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We  CAD  non*  cx|)Uiti  Ui<>  fonDntion  »f  iuiAgm  l>j  tonmvo  oilmnl 
Kach  jwint  oC  tlie  ol^ect  acntib  a  fHtikcil  of  rays  to  tlw  luirrer,  vUckj 
oouverge.  after  reflection,  bo  the  conjugate  fooua.     If  llir  vyt  of  thr 
obacrvcr  hu  placed  Wyond  Uiia  point  of  oouoonrw,  uiil  in  Um  p>lk 
of  the  my»,  they  will  pruMiiit  U>  liiiu  tliu  saniv  spprnnDOP  is  if  tli^  I 


kftil  comfi  from  tltis  point  as  orip;in.     Tlir  ima;^  is  thtts  mmifaiH 

points  whicliaiv  tb<^<:>iiiju^t«  foci  of  lli<^  Miventl  points  of  tW  olfn 

968.  Principal  Focus. — If,  in  fonnula  (u)  of  Inst  soctioo,  v*  lab 

/>  incrcftse  continually,  thv  term  _  will  continually  deerooM.  tinl  ti 

vanbih  oa  ;« l>ccoino«  iiilttiiti?.  Tliin  U  iim  coso  of  nvit  p^nlM  hth 
]irinL-i[inl  axi»,  for  parallel  nyn  may  1m-  n-L.i>Jxl<'^l  ha  cuniitij  ft** 
]Kiint  at  iiitiiiite  dbtancc     Tlie  formula  lln-n  tiuconiui 

tliat  is  to  say,  Ihe  imncipal  foexd  dielutioe  is  half  thr  mdm^'^ 
vature.  Tbis  di^tiuioc  la  often  called  the  /ueat  Unytk  of  Of  oriiw 
If  wv  dcnuto  it  by/,  Uic  gunvnd  foniitila  l>«cotDes 


I  +  I   _  1 


!•( 


969.  DiHQstloii  of  the  Fomnla. — By  ttit>  ai<I  •>r  tlni  i<.:£i.*  ' 
can  easily  trace  the  correspomling  uiovenutntn  of  cmjii^io  (•.v- 

If  p  U  positive  aod  very  lar^v,  ;>'  is  a  very  little  gratitr  i^l 
that  is  to  say.  the  coi^ugate  focus  is  a  vtry  litUo  Iwjijad  lh«  |n* 
pal  focus. 

Aa  p  diminislies,  j/  iocre«80«,  until  tb«y  beeamo  tqatJi  ta  ^i* 
caae  cocL.  of  them  ia  eqiul  to  r  or  if,  tliat  ia  to  nay.  iIm  tW^* 
fooi  move  towards  each  otlicr  Ull  tliey  ooineitiv  at  tbe  waMvrf  V- 
vaturo.    This  last  reeult  isobviou-i  io  ibwtf;  for  rays  trotmtkte^^ 
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CDn'afiirr  «ro  normst  to  tlie  uiirror,  nnd  are  Uwmfon  reflected 
dirt-ctly  Inck. 

Am  ;>  contina«K  ta  tliminiKh,  Uic  two  foci,  u  it  vrvn,  ehan^  Jtlnoe*: 
Uii'  liiiiiiiiouA  pfunl  iirl\-ancing  from  Uio  awtn  of  eurvntiin!  to  tht 
principAl  focUA.  whilv  th«  coryugato  foctw  laovea  avay  from  the  ocntn- 
of  curvKtnru  bo  infinity. 

.\ff  tl»  luihinoax  point  continura  to  Appronch   tbo  mimr,  -    tx 

iter  thnn  *  uu)  hotu  l^  and  tlioivforo  lUiio  p'.  must  be  Dcga- 

fT».     Tlif  phyHivftl  inUqirrtntion of  this nwult  i<t  tluit  the conJQgatc 
It  is  bfiiiml  Uw  mirnir,  ii»  ikt  «  (Fij^.  07G>,  un<I  lh»t  Ui«  refl<-ct«<l 


lyN  (livfi-ji^p  iLH  if  Uiey  liail  cniiio  fmiii  tJiis  [Mint.  Such  a  focuif  In 
luvl  virtutti,  whiliT  a  focita  in  which  rayo  iu;t«ially  meet  in  called 
:.  Aa  the  lumiuotu  point  iiiuvwt  up  from  F  to  the  mirror,  thv 
jugate  focus  movM  up  from  an  inlinit«  JiKUncv  at  Uic  back,  ami 
ti  it  at  th«  surface  of  lli»  min^jr. 
If  8  is  a  roul  luminoUH  |>oint  Homlinj;  rayn  to  Uie  mirror,  it  niiut 
nts!i--^ity  lii<  in  front  of  ihv  ruirrvr,  and  p  Uiervforu  cannot  Im  ncga- 
'«;  t)ut  whuo  w«  an>  oonMilcring  irnagw  of  imagoa  thia  reittrictioD 
Inn^-r  holils.  If  an  inciil<-nl  boani,  for  example.  ccinvm;g»  tu- 
a  point  0  at  th«  back  of  tlio  mirror,  it  will  b«  reflected  to  a 
S  in  front.  In  this  wwe  p  ia  ncgativi-.  lutd  p'  potiJUva.  The 
ii^ugaU-  foci  S  x  tiavo  in  fact  chantcetl  placoa, 

appevB  from  the  above  inveatigatioii  that  theru  aro  two  prin- 
aBMH,aa  regatxls  Ibu  po»i  tioosof  coqju;.'at4.<  foci  of  a  ooneavo  mirror. 
I.  One  focuH  bclwt^'Qii  F  ami  C;  and  tht-  otlicr  beyond  C 
,  0ms  fociis  b«two«n  F  and  the  Diirror;  and  the  other  Imhiml 
mirror. 
the  former  caj««.  the  foci  move  to  mift  each  otiter  at  C;  in  tha 
,  thoy  nwvv  to  moot  oadi  ottior  at  tlw  Hurfaoo  of  tho  mirror. 
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970.  PonnatloB  of  Imtjfoa.  —Wo  arc  riuw  in  n  ponition  lo 
the  formutioii  of  iin&gvn  hy  concave  itiirrom.  L<-t  AB  (Kig. 
ftn  object  placed  in  fro»t  of  a  concave  luirror.  at  a  Hntonoc  gnuts 
tlian  iU  radiu»  of  curvatitre.  AH  tbe  nya  irliicli  (livcfjjie  frumi 
will  be  reflected  to  the  conjugate  focus  n.  Hence  tliis  point  nui  b 
found  by  the  following  construction.  Draw  through  A  the  t%y  iA 
panllel  to  the  principal  axis,  and  draw  its  path  aft«r  rcfleeliaa,  wUd 
niiut  of  tii-ci-fi&tty  pofis  through  ihc  principal  focus.  The  inl«iMeli» 
of  thiit  i^-tli'cti'd  ray  with  the  secondary  axu  thrtnjgh  A  wQI  \m  Ai 
point  requinxl.    A  similar  cooKtmetion  will  giv«  the  eot\jugat«  fas 


oomsponding  to  any  other  point  of  tlic  object;  h,  for  ciuipb,'ii 
the  focus  co>\iugnte  to  B.  Potnt«  of  tlie  object  lyiiijf  betw«nAad 
h  will  have  tlieir  conjn^^t^t  fuel  t«twe«D  a  and  li.  An  aji  flM^ 
tiehiud  the  object  A  B  will  accordingly  reociw  tbe  r<mixw  tinnwA 
from  the  reflected  rayii  an  if  the  image  u  tt  weru  a  real  olj«l 

8incc  the  tines  joining  corrflspoading  poirttn  of  objtrct  aad  iai(> 
cross  at  the  point  C,  whidi  lies  between  tbviu  when  tb«  inta.**  > 
real,  a  real  image  formed  by  a  concave  mirrDr  in  alwayv  tu 

d71.  Sfse  of  Imaffe.— A»  regards  the  FMinparatiw  m»  ui 
and  image,  it  is  obvious,  from  similar  tri&nglm,  thai  tbcJr 
dimensions  aro  dincUg  at  their  diMa-HcM  from  C,  ti4  tmln  •* 
curvature. 

Again,  wc  have  proved  in  §  9ti7  that,  in  tbe  ootatitfl  ^  ^ 
section, 
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■  tc  h  nnlj  h^  McUcnt  that  »  liMim  t"  lin  oa  A  A'  klb*  I 
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or,  tli«  dtoUiuwt  of  object  tnd  itnage  from  the  luimr  &re  directly  u 
Utcir  dLstonces  trota  tho  centre  of  curvatorc.     llieir  linear  dimea- 
sions  Are  therefore  direcUj/  aa  (AWr  diaUincea  from  the  mirror, 
Agmin,  by  cqiiatioD  (6), 


rhtaoe 


1  _  I 
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^Vhen  p~/  ia  th«  distance  of  the  ubj«et  fixNn  tlt«  principal  focm. 
Hf-noc  the  tiocar  dimenstooa  of  object  and  imago  an  in  Ou  ratio  of 
I  IA<  di^anct  of  the  object  from  the  jtrineipal  focus  to  tKe  jocal  Ungtk. 
I  ThfiHe  tlirc«  rulos  are  perfwtly  goneral,  both  for  concave  an<) 
I  convex  mirrora. 
K    The  first  ntle  shows  tliat  tlie  objoct  and  image  are  equal  wht-ti 


riK  aTk— IU9«na*M  al  HmMom  lba«Mi 


coincide  at  tho  reflecting  nurfaoo,  anil  tlint,  as  they  Mparat** 
I  tliiit  point  io  oppodte  directions,  thai  vrliich  tnovm  away  from 
I  eeott*  of  curvature  continually  galnx  in  <uw  ujwn  tlie  otltcr. 
The  second  rule  shows  that  the  objoct  and  image  are  eijual  wiien 
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Uiey  ooincido  At  the  centre  of  eurvmture,  and  that  ah  thef  i 
from  IhU  point,  in  o[>poaitA  dirMtiooti.  tliut  wliich  moves  awmy ; 
Uie  mirror  continually  gninw  in  KJxe  upon  the  other. 

The  tliin]  rulo  »liows  that,  when  the  object  U  at  the 
focu8,  the  size  of  the  image  i^  inlinite. 

972.  Experiment  of  the  Pbatit«iQ  Boaqaet. —  Lict  a  box.  open  mi  an 
side,  be  placed  in  Front  of  a  concave  mirror  (Fig.  G78>,  at  a  itkUKp 
ubuut  equal  toits  rai.liu8of  curvaturcand  l«t  an  invcrtcil  UToquttW 
suspondet]  within  it,  Uie  optn  side  of  the  box  b^ng  next  the  nimc 
Ity  giving  a  proper  inclination  to  tho  niirror,  an  image  ot  the  bmpK 
will  be  obtained  in  mid-air,  just  above  the  top  of  the  box. 
boaquet  U  inverted,  ito  image  is  erectv  and  a  real  vase  may  \m  \ 
in  sucli  a  position  that  th<.-  phantom  1>uuquet  shall  appear  to  ba  i 
in;;  in  it.  Tlie spc-ctutor  mu.st  bo  full  in  front  of  l]ie  niirmr.aa^i 
HiifUcic-nt  diatMice  for  all  parU  of  the  iniag«  to  lit)  between  b»  1711 
and  the  mirror.  When  the  colours  of  the  bouquet  am  IngbtlW 
ima^  h  generally  bright  enough  to  remlvr  the  illiLtioti  very  1 

973.  ImagMon  a  Scroeo.— SucU  oxperiin.nU  m  that  jwti 
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can  only  be  seen  l:^  a  few  persoos  at  oDoe,  tinco  Ihay  nqain  ^ 
spectator  to  be  in  a  line  with  the  image  and  the  niiner.  WlM  ■ 
image  is  projected  on  a  screen,  it  can  be  seen  by  a  wluila 
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Kt  once,  if  the  nmin  be  darkcDed  and  iho  image  be  iBrge:  and  brigbL 
Let  a  Ui{)it«il  canOlo,  for  example,  be  placed  in  front  of  a  coDcavo 
miiTCMr.  at  it  diittaocA  oxct-odin^  the  focnl  length,  and  let  a  Bcrwen  he 
pUcv'd  at  ll>c  oonjtigato  focus;  an  tnverUid  iniagu  of  the  candle  will 
be  depicted  on  the  .tcrocn.  Fig.  679  roprcacnbi  the  caw;  in  which  the 
oandle  b  at  a  dbitaoce  I«m  than  the  ndiux  of  curvature,  and  the 
H  according!/  magnified. 

Uiia  laode  of  operating,  the  fonnula  ftn-  coi^ugate  focal  di«- 
CM)  be  ex  peri  n  ion  (Ally  verified  Willi  ounsidenble  rigour,  carv 
taken,  in  codi  i^xperimcjit.  to  place  the  ecrreo  in  tlte  poaJUon 
whi^  givea  the  itio^t  sharply  defined  image. 

974.  Difference  between  Image  on  Screen,  and  Image  as  teen  ia 
Kld-air.  Caustics. — For  the  sake  of  simplicity  we  bare  made  aoiih- 
meote  regarding  visible  imagw  which  are  not  (](uto  accurate; 
muit  DOW  indicate  the  neeeeeaty  corrvctiunit. 
Ittwgoa  tlirown  on  a  Aorcon  have  a  dct4>rmiiuUe  |>oHition.  ami  art- 
Teal)/  the  loci  of  the  oonjiigaie  foci  of  llio  point*  of  tlto  object;  hut 


n»  aa-lMiM  14  iwia«  iBOUifw 


thtN  w  nut  rigorouitty  true  of  images  awo  ilircrtly.    They  efaanga  tbur 
poaition  to  some  extent,  according  to  tlie  potation  of  the  olMn'tr. 
Tbe  actual  stat^  of  things  is  explained  by  Fig.  680.    Ilie  plan^ 
'tluBgun-'  i«  nprincijial  plane  (that  ia.  a  plane  containing  thi-jn-in- 
jpal  axis)  of  a  concave  hemispherical  mirror,  and  the  Inddont  mys 

>  VIp.  eie  Md  «H  MB  bcvnnxt^  tij  pMin4ui>«.  rnim  Mr.  0«nb4  Ab7**  Omm^kml 
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are  parallel  to  the  piiticipal  axis.  All  the  rajv  reBected  ia  Um  | 
of  the  figure  touch  a  certain  win-c  called  a  i^ustic  curre,  wMdil 
a  cusp  at  F,  the  principal  focus;  and  th«  dirccUon  in  whidi  tbv 
iiiiA^  U  Men  hy  an  i<yc  situated  in  tlit-  plonr  of  the  figurv  u  4(ta- 
mined  i>y  di-awiiig  from  the  eye  a  tongi^nl  to  tliia  cau&tic  If  tk 
eye  be  at  E,  on  the  principal  axis,  the  point  of  contact  will  be  F: 
l>ut  when  the  rays  are  received  obliquely,  as  at  E',  it  will  Iw  u  « 
point  u  not  1>'ing  id  tho  direction  of  F.  For  on  eye  thus  situaipd,a 
i$  called  the  primary  fueut.  and  the  point  wher*  the  tangcol  al  a 
euts  the  principal  axis  is  called  the  ttanuiartf  foctu.  When  tbg  m 
U  moved  in  the  plane  of  tlie  diogratn,  the  apparent  pMKioa  of  thr 
image  (as  detennined  by  iu  remaining  in  coincidence  witli  aotairf 
tlireada  or  other  mark)  is  the  primaiy  focus;  and  when  thatyt* 
moved  perpendicular  to  the  plane  of  the  diagram,  the  Bp|«nBl  f<d- 
lion  of  the  image  is  ttie  seoundary  focus.'  If  wo  suppose  the  tUajtna 
to  rotate  about  the  principal  axin.  it  will  still  remain  Uflt  in  •! 
]>0HitioiM,  and  tlie  surface  gomiratcd  by  tliia  revolution  of  tbecuiAl 
curve  is  the  eaiiatie  aiir/mx.  tU  form  and  pa«ition  A'Oiy  wilk  tb 
pa«ition  of  the  point  from  which  tJte  incident  ra^nt  proceed;  lad  it 
hafl  a  ciis]>  at  the  focus  conjugate  to  Otis  point 

There  is  olwa^-s  more  ur  iv»>  Uurrin|{,  in  the  caae  of  imagca  (M 
obliquely  (except  in  plane  udrTors).  by  rcMon  of  the  fact  that  (k 
point  of  contact  with  tlie  caustic  ourfaoc  is  not  the  mtM  [nrnj* 

onUTing  diltin-nt  f^tU  J  lb 
pupil  of  the  eyv. 

A  caustic  curve  pan  bcniKii 
cxperiuu^iitaily  by  alluwii^' 
ravs  of  tlie  aun  or  of  a  haf  k 
fall  Ku  thv  concave  turlaat  ^  * 
strip  of  jwlished  mrtal  Uet  tok 
the  form  of  a.  circular  ai^  m  (■ 
tig.  681 ,  tlte  rpH  hi  b«f 

received  on  a  ah<  '^pV 

on   which   tlie  atrip   rartik,   H* 
same  cfTect  uiay  nftco  IvobflPXi 
ou  the  Hurfaco  of  a  ciq>  «f  I 
toflector  ill  this  oa«c  U'inj;  the  loddc  of  ttic  tea-cup. 


PIC  tm  -CbhiUc  W  RMWctb« 


Htk    I(  tiMlneididit  ntr*di«vtxwl  tftu  ■  pdm  an  lb*  pHnt^al  aah,  >Wj  ■■>!  «*  >* 
nlliiet^  thiaug^  the  prlnclittl  uli. 
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Tliti  image  of  a  luminous  jwint  received  upon  ■  sciren  U  fcprmod 
\jy  all  tho  rays  which  U>uch  Uie  corrcHjKiiiding  Cftunlic  nurfuce.  Tbu 
brigbtcBt  ftod  most  difitinct  iiusge  will  bo  fonnod  nt  th«  cut]),  whidi 
is,  in  fact,  the  ooDJugate  focusi  but  there  will  \»  a  liunlcr  ot  fainter 
light  surrounding  it.  Tiua  source  of  indistinctnosis  in  images  a  an 
example  of  spherical  aberration  (§  dU7). 

97&.  lm*gt  OB  a  8«reeB  b;  Oblique  S«9ectioB.— 1  f  we  attempt  to 
throw  u[K)n  a  wrecti  tJic  image  of  a  luminous  point  by  uivaits  of  a 
ooacsve  mirror  very  oblique  to  the  incident  rajii,  we  aball  Snd  that 
no  image  can  be  obtained  at  all  resembling  a  point;  but  thai  there 
an  two  positioDS  of  tlte  screen  in  which  the  image  heoomen  a 
line. 

In  the  annexed  figure  (Fig.  HSi),  which  rtipn»cnt«  on  a  lai^ger 
seal''  A  portion  of  Kig.  680,  uo,  frtj  arv  mys  from  the  highntt  anil 
luwk<cit    pointA  of  the  portion 
R  8  of  the  henuapliericat  mir-        * 
roT,  which  portion  we  suppom 
to  \iv  small  in  butli  ito  dimrn- 
■iutu  in  eoiDpatison  with  ihu 
militut  of  curvature;  anil  we 
>}'  Hupjtose  tlie  rent  of  tJie 
Jtemiflphere  to  be  removed,  ao 
,t  R  8  will  repreaent  a  small 
Vfl    mirror    receiving     a 
very  obliquely. 
Tlien.  if  a  Hcneen  be  held 
ipcDilieular  to  the  plane  of 
diagnuii,  ai  m,  where  the 

lOD  of  the  )>encil  by  thu  plane  of  the  diagnun  is  narrowoat,  t 

lini:  of  light  will  U-  fin-med  upon  it,  the  length  of  the  Un* 

perpendicular  to  Uie  plane  of  tlie  diagram.     This  is  called  thu 

th»  •eeondary  focal  line  is  o<f,whic]i.  if  produced,  pawoa  tlirongh 

centre  of  cxirvature  of  the  mirror,  and  also  through  tbe  point 

:n  which  the  incident  light  proceeds.     Tliia  line  is  very  sharply 

id  upon  a  ficrt-ea  held  tw  aa  to  coincide  with  ed  and  to  l>e  per' 

idicular  to  the  plane  of  Uiu  diagnun.    Its  edges  are  much  bettei 

Uuui  thoM  of  tli4>  primary  line;  and  itt  jXHition  in  space  ia 

more  definite.    If  the  mirror  it  mod  aa  a  buniing-glasa  to  collect 


;^ 
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the  sun's  iiiy»,  ignitkm  will  be  more  eaHily  obtained  at  one  d 
linM  th«n  in  any  intermediate  poBitiun. 

Foeal  linet)  can  also  be  Been  dirvctly.  In  this  case  a  small  eli 
of  the  mirror  sends  all  tin  rvflc^-l"!  mj-»  to  tlie  eye.  the  raji  Enm 
opposite  sides  of  tiie  ck-nient  crccsiini;  i-ach  other  at  the  iaal  Ubs^ 
before  thcjr  reach  the  eye.  It  is  pottsibW,  in  oortain  pmitioos  of  libr 
eye,  to  sec  viUivr  focal  line  at  pleasure,  l^  alUfrin^  tliv  fiical  adjM- 
iiient  of  tlie  eye;  or  thn  two  may  be  9een  with  iuipcrfoct  de£ailiw 
crosBing  eadi  other  at  ri^ht  angles.  The  expurimont  in  Miily  tnult 
by  employing  a  gas  flame,  turned  very  low,  aa  th^  soutcr  of  Ufht  Ol* 
line  is  in  tlit^'  plane  of  incidence,  and  the  other  i^  normal  to  tlu*  plav 

976.  Virtual  Ima^e  in  Concave  Himr.^ljut  an  object  be  plan4» 
in  Fig».  C&3,  G84,  in  front  of  a  concave  mirror,  at  a  distamv  Imi  tks 

tlint  of  th«  princi)atl  fcfM 
The   r»i-H    inci'knl  <■  d* 
mirror  from  any  point  «()l. 
as  A  ( Fig.  fiH-A).  wit!  le  i»> 
lloct«d  aa  a  dtvr-iyvot  pad. 
till*  foc'iiB  froii)  wliidi  t^ 
iliv^r;^  bcin);  a  [muit  iit 
till-  Itack  uf  llw  Ritmr.  T* 
lin>)  UiiH  jioint,w«Ensytni* 
tlie  ooomi'  of  a  tay  ttun^k 
A  parallel  to  lh«  |>nDe^ 
axis.    Such  a  imy  w31  kt 
rrflocted    tti   the  pnMpI 
focas   F,  and  by  pruiluctng  thU  relte<-te<i    ray    1  ackwanfa  liB  ii 
meeta  the  secondary  n\in  C  A,  thi;  jwiiit  h,  which  is  the  coq^* 
focus  of  A.  is  (letcniiined.     Wp  can  timl  in  the  Mune  way  tie  f^ 
lion  of  u,  the  conjugate  focits  of  B.  and  it  is  obvious  that  tixtHV 
of  A  B  will  lie  oroct  and  inagnititHl. 

977.  Semarkson  Virttial  Images.— A  virtual  Utiage  euaol  bi Ii** 
juctcd  on  a  wrei^m  fur  tlie  ntj-s  wliidi  prodnoe  it  do  boI  Mrif 
pass  through  its  place,  but  only  seem  to  do  so.  A  aerocD  |4Mal' 
a  b  would  obviously  receive  none  of  the  refloctod  U^ht  whamxt. 


ns.  m-rvnutloo  ut  VMuI  tn>^* 


'Th*  "t^otigMtd  Gsiu«o[B"i>hio1i  i*  nHta  mmittaiiMl  lnoaMti*rtina>tilith«« 
IOmIIIm,  b  obtolocd  by  tntnlng  the  mtmh  About  ■  Uw  nUdb  puial  rf  #4.*«^)^ 
both  «ndi  of  UiD  inuge  by  hftd  twiwtBC.  It  •ill  be  alwm<  tm  u  MpaM*^  * 
dli^un,  tlint  rd'iM  vt-ry  oUiqn*  la  (bs  rcflMitcd  ny- 

It  <re  neglect  tho  blurring  nf  Uift  ptfanwj  liiM,  WW  nay  J^hO*  tha  pHl  rf  Mi  ^^ 
lying  l^twrm  the  two  Unei  M  •  tetrahuii  IW,  <4  wkitk  tW  law  | 
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ItntgOft  seen  In  a  pliuiu  uiirrur  art;  virtual,  and  any  nphimol 
r,  whether  ooDcav«  or  convi-x,  in  ocarly  equivalent  tu  a  plane 
tnirrvr,  v.-hen  tlie  distonoe  of  the  objoct  fruiii  iu  surfacxr  U  auiall  i» 
comparison  with  the  roilius 
^of  curvature, 

d7&  Convtx  Miiron.  — It 

rjLNily  nhowti.  bj  a  simplu 

[iwintniction,  thitt  rays  inci- 

|«]ent    fruiii    any    IuuIdoim 

>iiit  up<iii  a  convex  ntirror, 

Uvecge  af tJ.>r  reflection.  Tlio 

Dtpal  rocos.  and  thu  foci 

nuju]jat«  to  all  poiutft  ex- 

to    tha   apberc,  arc 

JierBfore  virtual. 

To  adapt  funiiulw  (<i)  and 
^)  of  the  prDOedinj;  m^tiun^ 
(itliccaseoCoonvfX  iiiiiTwn. 
re  have  only  to  altvr  tho 

oC  U»o  lumj   ^  or  7; 

au  that  fur  a  CMivgx  luimir 
re  lihall  liave 


(') 


n^  aM  -  VlrtMl  iMIf*  M  CMUt*  UlRW. 


>  and  /  bein;t  here  n^jiLntod  M  onaentially  iMMitivu, 
Front  tliiH  formula  it  ia  obvious  Utat  oni.>  at  lutst  of  lliu  two  di»- 
f  p.p'  must  be  negative;  tliai  la  to  my.  one  at  leant  of  any  pair 
eunju^t^'  foci  riiii^t  lie  iHOiiiid  tlio  mirror. 

The  CI itiAt ruction  for  iiii  iiiui;,i.-  (Fig.  (iti5)  in  Iba  aaow  aa  iu  tlio 

of  concave  mirrotB.    Through  any  selected  point  of  the  object 

aw  a  ray  parallel  bo  tlie  princigial  asis;  the  rvflectoil  ny.  if  pro- 

backwardi,  must  pawi  through   tJie  prioci[ial  focus,  and  its 

st«nwRtion  with  tlM  secondary  axis  tlirough  tlie  stloctod  ]>oint  dotvr- 

I  th«  correapouding  |K>int  of  tlio  ima^^e.  Tlie  luui}^  of  an  exlerual 

will  evidently  be  en.-ct,  and  smallitr  tlian  the  ol>j<-ct.     Ile|>i!at- 

the  sainc  ounatructiun  when  tlio  obji^t  is  nearer  to  Uie  mirror,  wv 

jthat  the  iuiago  will  be  larger  than  befonv 

lie  linear  dimeiuitooa  of  on  object  anil  iU  imago,  whether  in  the 

of  ft  convex  or  a  concave  mirror,  are  dirucUy  proportional  to 
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tlu-ir  (ti8t«ne<M)  front  tliv  ci.-ntrc  of  curvature,  tax>i  me  tin  lUmtly 
proporUonAl  to  Uicir  ilUtonocs  fruiii  the  mirror,  llie  iimge  ii  in- 
verted or  erect  acconiing  as  the  ocntrc  of  curvature  doot  or  (km  not 


Fii    «^— f^flfiLt^ifi  4j|   [ 
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lie  1>fttwc«n  the  object  and  iU  imago.  In  the  cas«  oi  a  ctam 
mirror  the  centre  never  lies  betwcoo  tliem  (if  the  ol^Mt  U  naU 
anil  tlierefore  the  imago  ih  always  vrecL 

Convex  mirrors  are  wry  s«lJom  employed  in  optioU  tan- 
ments. 

The  silvcruil  globes  which  are  freijuftitly  usi.'d  as  onuuMtiuM 
examples  of  convex  narrore,  and  prtMOUt  to  the  observer  at  ow  m* 
im  image  of  nearly  the  whole  surrouading  landscape.  Aa  tliapi) 
of  the  mirror  in  which  he  sees  this  image  ia  nenrly  aa  eotin  Im- 
sphere,  the  deformation  of  th«  ima^  is  very  ni>tabl«,  rtniflit  !■> 
beinj;  reflwtvil  as  ciirvt's. 

979.  Anamorphoais. — Much  greater  deforinatiomt  are  [ittKiiUii  1; 
cylindric  mirrors.  A  cyltndric  mirror,  when  th»  axia  of  Um^tW* 
in  vei'tiral.  behaves  like  a  plane  mirror  aa  regards  the  angoiar  naf^ 
tudc  under  which  tlio  bci^'ht  of  the  image  is  aeen,  sod  l£ke  a  tfima^ 
mirror  as  regards  the  bmdtli  of  tho  imn;>i.'.  If  it  beacocrmqfc' 
dcr,  it  caiutCM  bodies  to  iq>pv*r  unduly  cuntmctod  bomooUllj  ia  |* 
portion  to  their  heiglit^  Distorted  picturcx  are  sometiuv  drm 
upon  paper,  according  to  audi  a  syiitem  tlint  when  thrj  w  wx 
i^ectod  in  a  oylindric  mirror  properly  pln«tf<],  as  in  i'lfi.  ^"^  >^ 
distortion  ia  corrected,  and  while  the  picture  appttan  a  tuav  <(  o*- 
fufiion,  the  image  ia  instantly  recognized.  This  rostontiea  of  b« 
proportion  in  a  picture  is  call*^  anamorpkons. 

980.  llfedieal  Applicattoi)8.^ConGave  mirrors  an  froqiMBtK  a^ 
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MSBQMltraie  liglit  upon  ao  object  for  tlie  purpose  of  rendering  it 
lidM'dteiiictly  viftiblv. 

The  op^ainuMCOpa  a  &  siiiall  coocave  mirror,  with  k  stnnll  hole  in 
ita  centre,  Uirough  which  the  obsvrver  look«  froiD  Iwhitid,  while  h« 


m.  «w.-iuMMplmato 


^^Erccts  a  beaiu  of  reflected  light  fruiii  a  lutip  iiilu  tlie  puj)!!  uf  Um! 
^KaUent's  eye.  In  this  way  (with  the  livlp  Mdictiuies  ot  a  lens)  the 
^ntioa  can  be  rendered  visible,  and  t-an  Iw  tutnut^rly  vxamiiiMl. 
r  The  Itiryng^tcape  coitniittM  of  two  mirrois.  One  b  a  amall  pUuc 
mirror,  with  a  handk'  attached,  at  an  anglu  of  about  4J>*  to  iU  ptnne. 
Tliii  :4mall  mirror  i;*  licM  at  the  liack  of  the  i«U<;iit'8  tnoutli,  no  that 
au  observer,  looking  into  it,  is  able  by  reflection  to  see  down  tho 
ktimt's  Uiroai,  the  necessary  ilhiniination  being  supplied  by  a  oun- 
fcve  mirror,  8trapp<Hl  to  the  obncrvi-r's  forehead,  by  uiean^  of  whieli 
IV  li^bt  from  a  lamp  is  refli.-ct*Mj  upon  tliu  plajie  mirror,  which  again 
loda  it  down  tlie  tliroat 
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981.  Befraetion.— When  n  my  uf  liglil  passes  rrom  one  timnfanii 
iiieiliniii  to  auotber,  it  tin«]<.'r|rui<fl  a  cliau}{e  of  direction  at  tlM  miba 

>if  HcpiiratiuD,  so  tliat  ibteanm  it 
(!)(■  ipconi]  mcilium  makHaaaa|l< 
vtiHx  its  cuurto  in  Uia  fint  fia 
•  imngiiig  of  dircctiou  m  oIM  f*- 
nuciivn. 

Th<>  phenomenon  can  UitsUM 
Ky  adinittin);  n  beam  of  thaMBi 
lay.t  into  a  lUrk  room,  and  mn*- 
iiif;  it  ou  tU»  aurface  of  witoro* 
1  iin<-<)  in  a  rectangular  glaia  *^ 
<  i'ig.  G»7).  This  patli  of  tb«  U» 
\\U\  ht  tMuily  tracvd  by  Iti  iBow 
iiulion  of  ihu  fiiiudl  ouUU  pacli^ 
vhici)  liv  in  its  coutM. 

The  following  czpcritMiU  •  • 
wi^U-kniiwu  iUustration  id  ft" 
Uon;— A  coin  m  «  (fig.  SW  » 
laid  at  Oie  IxilUioi  uf  »  twbiI  <^ 
opa<|uo  ajdee,  and  a  q>6ctatoi-  ptaoea  bimsolf  eo  that  the  o^: 
hidden  from  hi  in  by  ihe  stdo  of  tho  vemol ;  tliat  ia  to  ny,  tu  u—  - 
lino  in  A  in  thi-  ti^n  pWACa  ju»l  ahovo  bin  vyu.  Let  wabn  w"  ^ 
poured  into  the  veeael,  care  Uiing  taken  not  U*  displace  llx  '^ 
The  bottom  uf  lh«  vohmI  will  appear  to  riin<,  and  thv  cub  wiS  <i* 
into  ught.  H«nc«  a  poucit  u(  rays  from  m  luiut  hava  mHa^  ^ 
apectator'*  ey^  Tho  pencil  in  fact  andei;goM  a  auddeu  band  al  tk« 
surface  of  the  watvr,  and  tliuit  reaches  tlie  eyo  by  a  enekwi  tot^- 
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io  whidi  tbe  olwUcle  A  is  evaded.     If  the  part  of  tho  pencil  in  air 

be  prodaoed  baekwanljt,  its  njii  wiU  approxiiuatelf  m«et  in  a  ix>Uit 

m'.  which  is  therefore   Uie 

In^e  of  VI.    It»  position  U 

noi  correctly  indicated  in  tli« 

tiguro,  being  placed  too  mudi 

to  the  left  (tj  I>»0). 

Tlie  broken  appo«rance 
presented  by  •  stick  (Fig. 
6Sd)  when  portly  tiniacR««d 
in  water  in  on  oblique 
pmitton,  is  similarly  ex- 
pbiincd,  thi>  pari  beneath  the  water  Iwing  lifted  up  by  refraction. 

982,  B«nractiTO  Powers  of  Different  Hedia. — In  the  experiments  of 
the  coin  aii<i  stick,  tlie  n^-s,  in  leaving;  the  water,  ore  bent  away 
from  the  iiomubi  if  1  N,  Z'  1'  N' 
at  the  puintd  of  eiuergonoo;  in 
the  experiment  drat  described 
(Fi^'.  CH7}.  on  the  other  liand, 
tiw  ny,  in  jtowtiu^  from  air  into 
water,  arv  bent  nearer  to  tlie 
noniial.  In  ever)'  casu  the  patli 
which  the  raya  puRttie  in  ffuinj; 
ia  the  name  as  Uiuy  would  pur- 
Hio  In  returning;  and  of  the 
two  media  concerned,  that  in 
wUicti  tlio  roy  makee  iJie  HinalK-r 
angle  with  the  normal  ia  Haid  to 
liave  grvatcr  refractive  [wwvr  iliau  tJie  other,  or  to  be  uiuiv  higltly 
ctinx. 
liquids  hare  greater  refractive  power  tluin  gnfles,  and  as  a  gfioaral 
I  (subject  to  some  exccptituis  in  the  oomparison  of  dmsiuiilar  lub- 
ft)  the  derawr  of  two  subotanoee  haa  the  gre*ter  refracting  power, 
it  has  become  custoRiary,  in  enunciating  sotoo  of  the  laws  of 
,  to  speak  of  tbe  deruer  niediuu  and  the  ranr  modium.  wben  febo 
I  oocreet  desij^nations  would  be  more  re/ra4iUve  aod  Ims  r^frattipt. 
Laws  of  Raft-actloB. — The  <]uantitativ«  law  uf  rufraction  was 
.  diaoovoroc)  till  quite  modom  tiinet.  It  waa  tint  »tnted  by  Snell, 
philoNcijihrr.  and  was  niade  mora  gvnerally  known  by  Dea- 
who  ban  oftuli  Uon  called  ita  diseo%'enir. 


n»  Hi-AfOMnBM«<  auia  hi  w«w. 
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(%  tm-  Uh  ot  Bfrnrllon. 


Lvt  R I  (Fig.  C90)  be  a  r&y  incident  at  I  on  tbo  8urfAC«  of  i 
Uon  of  two  media,  and  lot  1 S  bo  Ui«  murse  of  the  ray  afttf  I 
tioo.    Tben  the  anglctt  wbiclt  Rl  and  IS  mako  witli  tbo 
are  railed  tbo  attgle  of  incidence  and  the  antjtf  of  rtfrcxtum' 

lively;  and  the  tint  law  of ; 
iH  that  these  augtee  lie  In  tlia 
plane,  or  Vte  pUine  of  iYj 
Me  *an«!  aa  Ote  pUtne  v/  i 

The  law  which  couneota  tli* 
iiitudti.toFthc«vtwoiLnj;;l«a,aiid 
was  dLioovered  by  Sndl.  eao 
stated  either  by  reference  to  •  |v 
motrical  oonstniction,  or  by  ff^ 
in;:;  the  language   of  tngooflmb;. 
DcKcribo  a  circle  about  tbt  pntof 
iodde&ce  I  as  oeotre,  aod  <lnfi  p0- 
perdiculare,  from  th«  [XMiili  whrn 
it  cuts  tlie  rays,  on  the  Doniial   T^ 
law  in  that  these  perpendiculars  R'  F.  S  P.  witi  bAva  a  miwlant  n^ 
or  the  sines  of  the  an{/Us  of  incittence  and  n^fmclion  an  ta  « «^ 
itant  ratio.     It  is  often  referred  to  bb  the  fate  o/nnen. 

Tliu  anglo  by  which  a  ray  ia  tumc<I  out  of  ito  original  team  > 
undergoing  refraction  is  catliMl  its  deviation.  It  is  suo  If  tfct^ 
cident  ray  is  normal,  and  always  increaaea  with  the  aagk  ot  'ai- 
denos. 

984.  Verification  of  the  Lav  of  Sinaa. — ^Tbeae  lam  eao  ba  wU 
by  means  of  tlic  appurattu  represented  in  Fig.  GdJ.  wfaid  i*  Mf 
ttiniilnj-  to  tliat  employed  by  DeMartea.  It  has  a  vortiail  £*M 
circle,  to  the  front  of  which  is  attached  a  cylindrical  i  tmal,  baU-A' 
with  water  or  some  other  transparent  liquid.  The  atttticB  d  lb 
liquid  must  pass  exactly  through  the  centre  o(  the  diela  I  >^ 
movable  oiirror  for  directing  a  reflected  beam  of  solar  li^  «^ 
centre  O.  The  beam  must  bo  directed  eeotnUly  throagbaAat 
tube  attached  to  the  mirror,  and  to  faciUtate  t^  a^foitflMat  <t* 
tube  is  furnished  with  a  diaphragm  wiUi  a  hole  In  iU  oBObe  % 
arm  Oa  is  movable  about  the  centre  of  the  cirdo,  and  eairi«aw 
nicr  for  measuring  the  angle  of  incidunee.  llie  ray  uudntfomtd^ 
tiou  at  O;  and  the  angle  of  rvfractioD  is  mwanred  bftomm'l^ 
second  arm  O  K,  which  Li  to  be  moved  into  mudi  a  po^tlBa  llatfc 
diaphragm  of  iU«  tube  rcoelves  the  beam  oontimUjr.     No 


UUty 


Cmm  of  Uie  liquid  and 
^aaa;  the  [xwttioa  of 
tho  arm  afcordingly 
indicates  Uio<Jirection 
of  th«  rufntcted  ray. 
The  aog]<w  of  inci- 
denoe  and  nifTmctiua 
an  be  read  ot)'  at  tin 
vcmietB  carried  by 
tho  two  artus;  and  thu 
ratio  of  their  eanea 
will  ho  found  ooo- 
Htant  Thv  sines  can 
oIno  bo  diructly  mea- 
■ttred  t^  eoiployiog 
sUdtng-Hcales  oh  iodl- 
cfttod  in  the  figure, 
the  reading  being 
tak«n  at  the  extra- 
of  iinch  unii. 
It  woold  be  taxy 

I  make  a  beam  of  light  enter  at  the  lower  sido  of  the  nppumtu,  hi 

direction;  and  it  would  l« 

1  that  the  ratio  of  the  ainvH  won 

tlj  the  aome  as  when  Uie  light 

[  from  aboTo.   This  b  merely 

liwtAnce  of  the  geneml  law,  Uiat 

I  ooone  of  a  returning  ray  is  tlie 

that  of  a  diroct  ray. 

Airy's  Appontaa. — The  foU 

;  appontus  for  theaamo  pur- 

I  waa  invented,  many  yoars  ago. 

the   pment  astronomer  royal. 

'  b  k  alider  travelling  up  and  down 

f  vortical  stem.    A  C  and  B  C  an< 

ro  rods  pivoted  on  a  (ixod  point 

.  ol  the  vertical  Htem.     C  B'  and 

tRare  two  other  roda  jointed  to 

former  at  C  oud  C,  and  pivoU^  nt  tli^'ir  lowrr  iuwIh  un  the  contr* 
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of  the  slider.    B  C  ib  e<iual  to  B*  C,  and  B  C  to  B'  C.     R«tm 
two  triangtes  B  C  B',  BOB  are  equal  to  on«  another  in  all  |kM- 
tioQB  of  the  slider,  tlieir  oommon  side  B  B*  being  variable,  wUlo  tha  I 
other  two  Bides  of  each  remain  unchanged  in  length  though  altendj 
in  position. 

The  ratio  Qg.or^l,  is  made  equal  to  the  index  of  rvfiaotiom 
liquid  in  whidi  the  observation  is  to  be  made.     For  water  tbiA  latM 
will  bo  y    TliuD,  if  the  Appantua  in  surrounded  with  water  ii[i  lo  tht 

level  of  B.  A  B  0  will  bo  the  jiath  of  a  ray,  and  a  atud  at  C  vill 
appear  in  the  same  line  with  studs  at  A  and  B;  for  w«  bar* 
•iaCBBT  •!ni7BB'  Cff  i 

986.  Indiees  of  Befraction.— Tlie  ratio  of  the  atne  of  thf>  a/Hnl 
incidence  to  the  sine  of  thi!  angle  of  refraction  wliua  a  ray  (■■■* 
from  one  uiedium  into  anotht;r,  is  callud  tlie  rc(utif)e  iiuUct'/rf/n^ 
lion  from  the  funner  luudtum  to  the  lattur.     \S'hi*n  a  n; 
from  vacuum  into  any  modiuiu  this  ratJo  in  alu-aya  grcaUr     _ 
unity,  aud  i»  called  ttie  abnolute  index  of  refraclitnv.  ur  nimiilylW 
inde-x  of  i-^raction,  for   the  mvdiutii    in  quwtion.      Tho  nhttn 
index  of  refraction  from  any  mvilium  A  into  anothi^-r  B  i*  •Inr' 
equal  to  the  absolute  index  of  B  dividc-d  by  tbu  abiuilute  imUxi'i 
The  absolute  index  of  air  in  so  Nuutll  tliat  it  may  usually  be  MgWi' 
in  companHou  witli  thoHO  of  sohds  and  Uquld^:  but  ntricllj  tpMki^ 
the  relative  index  for  a  ray  pa-sning  from  air  into  a  (;iven 
muitt  be  multJplictl  by  the  alsolute  index  for  air,  in  order  to 
the  absolute  index  of  refraction  for  the  subetancc. 

The  following  table  givm  the  indices  of  refruvttuo  of  wnnl 

stances: — 

1iti>icn  or  IUri(A«ni>xJ 


Dian'iod. S'tl  t«  T'ii 

fiapphln:. t7«l 

nint^lmn, l-S7<tol-C42 

Onwn-stua, 1-S31  to  VMZ 

RookikH, VHi 

Canada  boIiMD I'StO 

Biiulpliida  nf  aMboa,      ....        l-i)7H 

LlnwMl  oU  lq>.  r- "eSS)*    ■    ■    •        1'*^^ 
OU  of  ttirpwitliie  (*p.  gr.  -m).    .       l-*i» 


Akub-t. tfl 

AilosOM  hmour  el  ryr,    .    ,    .  .  ttf 

Vlmoni  lisiiMar, f 

OjnUIUim  bM^  aatn  oo^  .   ,  •  l^ 

-             „      flBiUr  CMI,  .    .   .  HB 

a                H        OMltri]  piun*     .  f 

SMwatn,  ,     .  t»* 

Pan  uralar.      .                                ■  '• 
Altai  IT  C^MwlTtU**    .    . 


987.  Critical  Anpte.— We  see,  from  the  law  of  aast.  that  «*■*• 

■  111*  Index  :1  tWnf  tl'xi  U  alwajn  (Tatar  lot  violat  ikM  lur  rod  (»w  L-faif  tH*i  ** 
psmbcn  in  (hi*  table  an  bi  U>  aniktMood  aa  mm»  vahiM. 
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incideDi  ray  U  in  tho  Ii.'ss  rcrractiv«  of  Ui*  two  iiutlia,  to  ovny  pos- 
sible angle  of  ind<lcnc<^  tlieru  u  a  corrosponiliii};  aii^lu  of  ntnt^m. 
Tliis,  however,  is  not  tlie  case  wh«a  the  inddent  ray  i»  in  the  mora 
refiactive  of  the  two  media.     Let  S  O,  S'  O,  S"  O  (Fig.  6»3)  be  iod- 


it  rayit  in  the  Ium  refractive  iDeiliuin,  atwi  OR. OR', OR"  tlie 
Dmling  refracted  ray*.    There  will  be  a  particular  direction 
nfraction  ()  L  oorn^jH'ndin)^  t<i  thii  angle  of  iiiddenee  of  IK>'. 
KTeraely,  tacident  rays  KO.  R<),  R"0,  in  the  more  refractive 
Jiuiu.  will  enierg:e  In  the  dirMtions  O  S.  O  S',  O  S",  and  the  direo- 
of  emcir;:;fnco  for  the  inddent  ray  \,Q  will  be  OB.  which  is 
idont  with  the  bounding  surfncv. 
The  angle  L  0  N  is  called  the  critical  angle,  and  i^  easily  computed 
'when  tJif?  relative  index  of  refraction  la  given.    For  let  /•  denote  this 
lex  (the  incident  ray  being  supposed  to  bo  in  the  lees  refractive 
lium).  then  we  are  to  have 

it  is,  fA«  sine  of  the  eriticat  angU  u  1A«  recipnMxtl  of  the  indm  of 

MThen  the  media  are  air  and  water,  this  angle  is  about  4H*  SO*. 

fat  air  uid  ditTerent  kimLn  of  ^\x\m  ift  v»luc  nuipw  from  :tH°  to  41*. 

If  a  ray,  as  I  O,  ia  inddent  in  the  more  refractive  mediiini,  at  an 

;Ie  great*^  tlian  the  critical  angle,  tlii.'  law  of  sinM  l*ecomes  DU|[a- 

r,  and  experiment  hIiows  that  stieh  a  ray  undergoes  internal  19- 

9n  in  the  direction  0 1',  tlit-  angle  of  rtfloeUon  l>eing  oi|uaI  to 
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the  angle  of  incidcnoc.  Rctloctba  occoning  in  tbeae 
ia  nearly  perfect',  and  hoa  rcccivt-d  tho  luune  ot  total  rejiedion.  T 
rtJUction  occurs  when  rat/a  are  ijiddetU  in  Ae  vun  r^rac 
TtUdium  at  an  angU  grtaUr  than  the  eriticat  an^rltf. 

Tliu  phenomenon  of  total  retleciioa  may  bo  observed  in  wn 
I'mnilifu-  instances.  For  example,  if  a  gUm  of  water,  with  a  ip 
in  it  (Fig.  Qd4),  is  held  above  tiie  level  of  the  eye,  tbo  nDdtraidi 


tie  IM.  -  ToUl  lUSarttaa. 


the  surface  of  the  water  is  seen  to  sbinv  like  a  brilliant ' 
the  lower  part  of  the  spoon  is  seen  reScctod  in  it     BtaaltWl 
of  the  Mamu  kind  may  be  observed  in  aquariunia. 


CAHEEA  LUCIDA. 


SOD 


ng.  mt.  «wUii»  oi  num. 


rif.  «M~OuHn  iMiifc 


,866.  Cmnen  Lncldk. — The  eamtrn  hu^^a  a  on  instrument  aonw- 

em)iloyeil  to  facilitate  tht  &ki'tcliiiig  of  objects  frotn  uatura. 

It  acts  by  total  refiection,  and  may  have  vartouK  fonna,  of  whkh 

that  proposed  by  WoUaaton,  and  roiinaent«d  in  i-'^gs.  695,  6d6.  ia 

i 

Bom  of  tho  ooiiiinoD««t.    The  owc&tjal  part  is  a  totally-reflecting 
'      piiini  with  four  augica,  one  of  which  is  90*.  tho  opposite  on«  136', 
and  the  other  two  each  CT*  SIX.    One  of  the  two  faces  which  contain 
the  right  at^le  ia  tum«^  towards  the  objects  to  bo  sketched.     Bays 
incident  nonnslty  on  thia  f&co,  as  tr  r,  ninko  an  angle  greatly  exceed- 
iDg  tlte  critical  angle  wit])  tho  faoo  od,  and  are  totally  reflected  frotn 
U  to  the  next  taenda,  whoaco  they  aro  agidn  totally  reflected  to  the 
foartli  face,  from  which  they  emei^ge  normally.'     An  eye  placed  so 
aa  to  receive  the  emergent  ra}-s  will  see  a  viitiial  image  in  a  ilireo- 
tion  at  ri;;1it  angles  bo  tliat  in  which  the  object  liuL    In  practice,  tbo 
eya  is  held  over  the  angle  a  of  the  prism,  in  sudi  a  position  that  one- 
of  tb«  pupil  receivoa  these  reflected  raj's,  while  the  otlMtr  half 
ivea  Uglit  In  a  parallel  direction  outaide  the  prum.  The  observer 
tliua  sees  the  roHectod  image  projected  on  a  real  back -ground,  wlddi 
of  a  sheet  of  paper  for  aketdiing.   He  ia  thna  eaahtod  to  pan 
pendl  over  the  outlines  of  the  image;  peodl,  image,  and  paper  being 
ultanoously  visible.    It  is  very  desirable  that  the  Imagei^ould  lie 
the  plane  of  the  paper,  not  only  becanao  th«  pcndl  point  and  the 
will  then  be  seen  with  the  sams  foeuaalng  of  the  eyo,  but  alao 
parallax  is  thus  obviate<I,  so  tliat  when  the  observer  shifts 
eye  the  pencil  point  is  not  displaced  on  the  image.    A  ooDcave 
.,  with  B  focal  length  of  something  k'»s  ttion  a  foot,  is  therefore 


I*  Ihm  M*  of  havtag  hn  wfcerinm  U  U  obtala  m  w*al  tm»g».    Ab  fnuf*  obulsd  fcj 
I  nOwikn  wmM  be  Mpdd*  down. 
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plfteed  dose  in  front  of  the  pmm,  in  drawing  distant  otjeota,  By 
raising  or  lowering  the  prism  iu  its  stand  (Fig.  696),  Ikn  inuiga  ol 
the  object  to  be  sketched  may  bo  tiuid«  to  coincide  with  ihe  ptatw  o( 
the  paper. 
Thu  pristu  b  moantud  in  such  a  way  that  it  cut  be  rotated  eitbir 
about  a  horizontal  or  a  vertical  axis;  uul 
its  top  ifl  usually  covered  with  a  nortUt 
plate  of  blackened  metal,  having  a  Mmi- 
circular  notch  at  one  edge,  for  Oxc  obmm 
to  look  through. 

989.  Ima^s  by  RefMotiaa  at  a  Plm 
SarfuM.— Let  0  (Fig.  G97)  bo  a  small  ob- 
ject in  the  interior  of  a  aolid  or  bipJ 
bounded  hy  a  plane  surface  A&  Lit 
O  B  C  bo  iite  path  of  a  ni-arly  Domu]  nt. 
and  let  BC  (the  portion  in  air)  U  pv 
duced  backwnrds  to  meet  the  Dunnal  h  L 
Then,  since  AIBand  AOBantbi» 
cltnatJons  of  the  two  portion*  at  th»  aj 
to  the  nomuJ,  we  have  (if  />  be  the  index  of  refraction  from  tit  inh 

the  substance) — 

--  OB 


Fie.  tK.—lm$f»  bjr  KcCncUaa, 


_  ^AIB 

''  -finAOB 


But  O  B  is  ultimately  eqnol  to  0  A,  and  I B  to  1  A.     Heooi, 


t 


make  A I  equal  to  — ,  all  the  emergent  rays  of  a  amall  aad 

normal  pencil  emitted  hy  O  will,  if  produced  badcward^  i 
OA  at  points  indefinitely  near  to  the  point  I  thus  detcradtud. 
the  eye  of  an  observer  l>e  situated  on  the  productioQ  of  tbe 
OA,  the  rays  hy  which  he  sees  the  object  O  eanatitttto  mi  i 
pencil.    He  sccordingly  sees  the  image  at  I.     As  thevahwof** 

^  for  water,  and  about  |  for  ghiM,  it  follows  that  the  apparmt  4fA 

of  a  pool  of  clear  water  when  viewed  verijcally  is  -^  of  IW  W 

depth,  and  that  the  apparent  thickness  of  a  jueee  of  }i\»k  ^ 

when  viewed  normally  is  only  g  of  the  true  thicknen. 

990.— When  the  incident  pencil  {Fig.  698)  is  not  nnall,  but  iKkd* 
rays  of  all  obliquities,  those  of  them  wbidi  make  angki  «ilh  ^ 
normal  less  than  the  critical  angle  N  Q  R  will  eioer:g«  into  air  m' 
the  emergent  rays,  if  produced  backvrarda,  will  all  too^  a 


ilA 
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Uc  surface,  which  hu  the  nonnal  Q  N  for  tta  ftxiii  of  revolution, 
^toudies  the  Borhce  at  alt  points  of  a  circle  of  which  N  R  is  the 


1%.  «M— Oauib)  bx  R«rnMUc& 

ndiiw.  Whnrevcr  the  oyc  way  be  Hituat«d,  a  tat>i;vnt  dnwn  from 
H  to  the  cauatic  will  be  tlie  tlireolioti  of  tli<-  vtHible  iuukgo.  If  Ut« 
observer  aeea  the  image  with  both  eyes,  both  being  e<)uidiataiit  frvm 
the  surface  and  aUo  vquidistant  from  the  nonnal,  the  two  lines  of 
sight  thus  iloU'rtiiinwl  (coo  for  each  oye)  will  meet  at  a  point  on  tha 

I  normal,  which  wilt  accordingly  bo  the  apparent  position  of  tbeimaga. 
If,  on  the  other  liaud,  both  eyes  are  in  tlie  saiuc  phuio  eontaioing  th« 

I     normal,  tlie  two  lines  of  sight  will  intersect  at  a  i>oiut  between  the 

^^tormal  and  the  observer. 

^P   like  image,  whether  seen  with  one  eye  or  two,  approadies  nearer 

^^to  the  surface  as  the  direction  of  vision  becomes  more  obU<{ue,  and 
ul^mately  coincides  witli  it.     llie  apparent  depth  of  water,  which 

ia  ooly  ,  of  the  real  depth  when  seen  vertically,  is  accordingly  leas 

I     than  ^-  when  seen  obliquely,  and  becuntoa  a  vaninhing  quantity  as 

the  direction  of  visioo  appruachoB  to  parallelism  with  the  surface. 
The  focus  I  detemiinwl  in  the  preceding  section  is  at  the  cusp  of  the 
I     oaustie. 

I        991.  Parallel  Plate. — Rays  falling  normally  on  a  uniform  tnma- 
parent  plate  with  panUlel  faces,  keep  their  course  unchanged ;  but 
Ilia  is  not  the  case  with  rays  incident  obliquely.     A  ray  SI  (Fig. 
}),  incident  at  the  an^lo  S  I  N,  is  refracted  in  the  direction  I  R. 
lio  aii(;lo  of  inci<lencu  at  R  is  c<)»a]  to  the  angle  of  refraction  at  I, 
bsDoa  tbo  angle  of  vm<'rgi>ncu  S'  K  N'  is  c<)tiul  to  the  origina) 
^la  of  iaeidcnoo  SIN.    The  emtrgmit  my  It  S'  in  tlx-n-fore  paraUal 
I  the  incident  ray  S  I,  but  is  not  in  the  same  straight  line  with  it 


loos 
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Objects  Been  obliquely  tbrough  a  plate  are  there[«m  dispbead 
fiotn  th«ir  true  pmitioiu.     Lot  S  (Tig.  700)  be  a  tominoas  puDt 


which  ftentb)  light  to  an  oy«  rti>t  diroctly  opptwita  to  it,  on  Ibe  oAs 
aide  of  &  parallel  plat«.  Ilie  eniergcnl  rayt  which  Bator  tba  ^K* 
parallel  to  the  incident  ra^;  but  aa  they  Imve  undetEoaa  hi**' 
displacement,  their  point  of  concourse'  ia  changed  fromStoS'.vUtt 
is  accordingly  the  imago  of  S. 

Thft  diifpluccment  thus  prodticuil  inci'ua.tcs  vrith  the  thlctn^* 
the  plate,  its  index  of  refrac- 
tion, and  the  obliquity  of  in- 
cidence. It  funiinheji  one  of 
the  simpleat  means  of  mea- 
auriug  thtf  indoxof  rofractioit 
of  a  substance,  and  ia  tliuit 
employed  in  Fichot'ii  refrao 
lomet<;r. 

992.  Ualtiple  Ima^a  pro- 
duced by  a  Plate. —  Let  S 
(Fig.  701)  be  a  luminous 
point  in  front  of  a  trauspar- 
eiit  plate  with  parallel  faces. 
Of  tlie  rays  which  it  sends 
to  the  plate,  some  will  be 
reQected  from  the  front,  thus 
giving  rise  to  an  image  S*.    Another  portion  will  aat«r  ^f^ 

'  Th«  nji  whioh  oompoa«  iIm  pencil  iliM  «n:«ti  tha  ajw  wiB  not  •■Mil]'  a^  '*'* 
produocd  baoIcwMtU]  In  uij  on*  poiat.  Then  mOi  b«  two  fnc«I  UnM^^Mlatli^^ 
of  iphcrioal  mlrron  (g  »74.  B7&)i 


riR  T01 'fMlmii  iB^Mfc  r— 
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ttndMrgo  reflectiun  at  th«  back,  uid  emerge  with  refraction  at  tho 
front,  giving  mo  to  a  soeond  iinnge  S*.  Another  poi-tion  will  undergo 
internal  redection  at  the  f  nmt,  then  again  at  the  back,  and  by  emorg- 
injt  in  front  will  form  a  third  imng«  S,.  The  same  procc««  may  be 
n^poated  several  tioiosi  and  if  the  luminous  objoct  bv  a  cundle,  or  a 
piwo  of  bright  motal,  n  number  of  ima^^  onu  behind  another,  will 

)k'  vuible  to  an  eye  properly  placed  in 
front  (Fi(^.  702).  All  Uie  succmive 
imagea,  after  the  first  two,  coDtiuually 
diminish  in  bnj;htacn.  If  the  glaaa 
In]  silvuivd  at  tLc  back,  thv  itooond 
iinagc  t«  tnitch  brighter  than  ttie  tint, 
whi'n  Uif  iii4-ideJice  i;*  nearly  nonnal, 
l-ut  OH  the  angle  of  incidence  increaaes, 
the  6rst  image  gains  upon  the  s«oood, 
nud  ultimately  sur|ns»es  it  Thu  Is 
'lurt  to  the  fact  that  the  rodevting 
;>i>W4T  of  a  HUrfaoe  of  gliuw  increuea 
with  {]»<  angle  of  incidence 

If  the  luminous  body  Lt  at  a  dis- 

inncK  which  may  be  regarded  as  in- 

Unite,— if  it  is  a  star,  for  example,^ 

nil    the  images  should  colnridc,  and 

im  only  a  idoglo  image,  occupying  a   position  which  does  not 

vary  with  the  poMitlon  of  the  obneTrer,  provided  tluit  the  plato 

tporfoctJy  hoinogeneuai,  ami    its  faces  perfectly  plnnn  and   par- 
ti.    A  severe  t(«t  is  thuH  fumuihed  of  the  fulfllnu'nl  of  Uicm 
idlUona. 
Platm  aru  MUiutimes  tested,  for  paraUelism  and  nniformily,  by 
pporttng  thciu  in  a  hori»>ntal  positJon  on  throv  (Miints,  viewing 
the  image  of  a  iitnr  tti  them  wiUi  a  t4>lv«oopo  furnished  with  cross 
wires,  and  observing  wUetJicr  the  imoge  is  displaced  on  tlio  wires 
hen  the  plate  ia  aliifted  into  a  diflisnint  ponition,  still  mttitig  on 
■ame  throe  )M)ints. 
1.  SttpmriDpoHd  PlatM.      Astronomical   Reaction.— We   have 
in  §  090  that  tJie  relative  index  from  one  uiudiuni  into  an- 
er  ia  ecjual  to  the  absolute  index  of  the  second  divided  by  that  of 
first    Hence  if  f,^  ft,  are  the  abnolute  indices,  ai>d  9,  «i  Uie  angles 
the  two  |>arts  of  the  refracted  ray  make  with  Uie  normal,  we 
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or 


•la  A  =  !^  tin  «to 


(1) 


When  a  number  of  platea  are  superimposed,  they  will  have  »  an- 
mon  normal.  Let  a  ray  pass  through  them  all;  U-t  ^  lU-tiate  tli« 
absolute  index  of  nay  one  of  tJic  platvs,  and  0  the  an]*)*.'  whidi  Ux* 
portion  of  Die  ray  that  lies  in  this  plat«  malcM  witli  tliv  noniyJ- 
then  equation  (1)  ahowii  that  /t  sin  9  will  have  tiiv  >uuni-  value  ttjtiii 

farts  of  the  ray.    Uence  if  the  value  of  *  for  tlie  Unit  y]-'-  '-  

its  value  for  any  plate  in  the  scries  depends  only  un  t 

for  that  pUto,  and  will  not  be  altered  by  romovini;  mm*  «r  ail  at 

Uiu  inturv'uniiif;;  pUtiat. 

I'hh  reasoning  can  be  applied  to  tlte  traiiNmiMrion  uf  a  nj  &«■» 
atar  through  the  earth's  atmosphere,  if  the  duiiaiico  of  t\u!  tu  fioa 
the  zenith  does  not  exceed  20'  or  30°.  The  port.iun  of  aimiafkm' 
traversed  may  bo  regarded  e»  a  series  of  li'^rizoittal  plats,  anil  tk 
slope  of  the  my  in  Uie  lowest  plate  vrlll  be  the  sama  ■•  if  all  tfat 
plates  above  it  were  removed.  lu  tbo  cai>o  nf  tfUun  near  th«  luma, 
the  length  of  the  path  in  air  is  so  great  tluit  tlia  inirMttun  <i  ib 
earth  cannot  be  left  oat  of  account,  in  other  wnrdi.  thv  [ay«n  tn- 
versed  cannot  be  rvgaixtod  as  parallel  plat«8. 

994.  Refyaotion  throngli  a  Prlsn.— For  optiea]  piirpoMi,  wj  pr- 
tion  of  a  transparent  body  Ij-ing  between  two  plane  faoM  wIdcbM> 
not  parallel  may  h^  regarded  an  a  prism.*  Ttiu  line  in  aliitfa  (It* 
faces  meet,  or  would  meet  if  prwluced,  b  called  tliu  edj^  of  tb*  pOtt 
and  a  section  made  by  a  plane  perpendicular  to  tbem  Uitb  ti  iallii< 
a  principal  eectioti.  The  prisms  chiefiy  emplnyet)  aro  reaU]r|n0 
in  the  geometrical  sense  of  the  wonl.  Tlieir  principal  MdioMV 
usually  triangular,  and  are  very  fre<|uently  e()uilaUtra].a«  raFif.W 
The  stand  usually  employed  forpti  '  acpaoW)* 

rain«sented  in  Fig.  704.    Itoontaiii  ^  ihtoffmmt 

is  for  rotating  the  prism  about  its  own  axis.  The  sroond  to  for  H* 
ing  the  prism  so  ttiat  its  edges  shall  make  any  nigutred  anfls  "i^ 
the  vertical.  The  third  gives  motion  aboat  n  vrrtical  axih.  i»ii^ 
Eurnlsbesthe  means  of  raising  and  lowering  iho  prism  througbaMt* 
of  several  inches. 

Let  S I  (Fig.  705)  be  an  incident  ray  in  the  plane  of  a  fnaofii 
section  of  the  prism.    If  the  external  medium  be  air,  or  m^^'^ 

'  Thl*  MDoant*  to  stfi^  tbit  lh«  wvtdfritm  in  aptfoi  MHai  wrif^ 


PRISM. 


lOOfi 


Bubatancu  of  1«8  nfra«tivn  power  thao  the  priAm,  tlw  ny  in  entering 
the  prUin  n-ill  be  bent  nearer  to  tlie  normal,  taking  such  s  course  u 
I  E,  uitl  in  leaving  (ho  prism  will  be  b«nt  away  rroni  (ho  nonnal. 


^Rtire, 


tU.  Iwl  -ti|ihlatml  r: 


rif  ;M-mMiu>«uiHlaaHw<L 


ng  tlio  cfjupMi  E  R     Tliv  etr>'cl  ot  tliosi)  two  tvrnii-Uon*  It.  Uiero- 
m,  tij  turn  t)i»  ray  nway  from  Uie  ed^  (or  rvfmrtiit};  onglo)  of  U10 

primn.  In  pncUcr.  tin'  prtHta  In 
iiFninlly  M)  plju.'1-il  that  I K.  tho  jmth 
tif  thv  ray  llin>U};h  lhf<  |iriiini, 
iiiokeB  e<iUAl  snglos  witli  th«  two 
facuA  at  which  rvfrmction  itonin 
r§  »9&).  If  tliu  prism  in  tuniMl 
M-ry  for  froin  thbi  piMitlon,  th« 
(•■mrw-  of  thf  my  may  If  nlto- 
j,'i*lhi.T  (iillt-ntnt  fmm  that  ri'iire- 
n.1  u^.    i„',.  ,  „..i..     , . :  ,.m  Miitcfl  in  thit  figurtj;  it  iimy.  for 

C'xninpli>.  ent^'r  at  on>^  face,  bv  ln> 
lly  n-lloctt><]  at  oiiulliur,  bjiiI  oomt-  out  at  Uin  thin)  1  but  Wm  at 
rot  oxdudo  liucb  uuea  from  considcrmtioa 

IB  dinNrtion  of  deriation   is  easily  shown  cxpairiiix-ntftlly,  by 

lUng  a  narrow  I>Mun  of  sunlight  into  a  dark  rootu.  and  intro- 

a  prisiu  in  ibi  course.     It  will  l>o  fuuud  Uiai  Lbo  nfractvd 


m 
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beam,  in  the  circunutaocea  represented  in  Fig.  TOJi,  is  turn**) 
some  40°  or  50°  from  its  original  course' 

Since  the  rays  wbidt  Irnvcnac  a  prixm  are  twnt  ^wny  fruri  ih* 
«dge,  the  object  tiom  whicli  they  proceed  will  appoar,  to  an  obMirvrf 
looking  through  the  pri.s!n,  to  b*  more  nearly  iti  the  <Uroctioo  of  lU 


edge  than  it  tmUj  i&  If,  for  exainptc.  he  lookn  at  the  fbavrf' 
candle  through  a  prism  placed  so  tliat  the  edge  which  uuiupMb 
to  the  refrsctiog  anglo  is  at  the  top  (fig.  706),  the  ajtpanmt  flitut 
the  flaiiii;  will  be  above  iU  true  jilaoe. 

999,  Formula  for  Reft-actioa  tbiongh  Prisms.    MiBJaBa 
— Let  8 1  (Fig.  707)  be  an  incident  ray  in  tlie  plaue  o(  a 
Section  ABC  of  a  prisio.    Leli  be  the  angle  of  inddeowSINj 


'  TIm  pliauinieDA  ban  d»cribrf  ai«  MaDpliuUd  in  )inctiea  by  U 
UUtj  of  nj>  o[  difftMst  o»lon><  (Cbap.  Uxii).    lb*  »»i|iHoiU>M  mttf  tm  a^W  V 
•mplajing  bomogvMou*  ligfal,  «f  «Ueb  ■  iptrit-lani^  with  {nmbmom  Mb  »f«»lW< 
wide,  »B«t^  a  noarly  ixtftM  (uiMpb. 
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r  tlie  angle  of  refraction  U.  1 1'.  I'bca,  donoting  Uio  index  of  rufrac- 
tioD  bjr  /I,  wo  hava  sm  »=;•  sin  r.  In  liko  maancr,  putting  r'  for 
til*  angle  of  LnU-mal  incidonoe  oa  tlic  second  face  1 1'  M,  and  i  fw 
Um  angle  of  external  refraction  N'  1'  R,  we  have  tin  i^=p  «in  f'. 

ITlio  doviaUim  |>rQduc4xI  at  1  is  ft-r,and  tlial  at  I'  ia  {'-*',  so  that 
a  total  duviation,  n-hidi  is  the  acute  angle  D  contained  betwooo 
tbo  rajB  S  I.  R  [',  when  [iroduofid  to  inoet  at  o,  ia 

^Bt)t  if  we  drop  a  perpendicular  from  the  angular  point  A  on  the  my 
^Tr,  it  will  dividi«  tlio  rofracting angle  BAO  into  two  i)arit,of  whid) 
_lhat  on  the  left  will  bo  equal  to  (*,  and  that  on  the  right  to  /,  ainoo 
!ie  angle  contoiiiett  between  two  linos  ia  equal  to  that  cantainad 
DtWeoQ  their  perpendiculars.  We  have  therefore  Asr-t-r*,  and  bj 
itution  in  the  above  wjuation 

3en  the  path  of  tivi  tay  tliruu^'h  tlio  prism  I V  uiakes  equal  angloa 
rith  tha  two  faces,  tbe  whole  course  of  the  ray  is  aymmetrica]  with 
to  a  plane  iHaecting  the  rafraciing  angle,  6o  that  we  have 


vis  W.-IUIncUM  Ihfnnlh  rHi» 


t=(i  r=K-^ 


inatiou  (2)  tlma  becomes 


DcS<-A.WlMMi{= 


A+D 


■ndfii 


rinr 


m 


w 


lin  laAt  rtMult  is  of  groat  practical  importance,  aa  it  onabtea  ua  to 
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calculate  the  index  of  retraction  ^  from  me-asurenients  of  the 
tag  angle  A  of  the  prism.  ao<t  of  Uiu  iluviatioti  1)  which  ocean 
the  ray  paases  synunetricftlly. 

When  a  btMim  of  sunlight  in  a  dark  room  is  tranMiittU-d  tltrot*^ 
a  prism,  it  will  be  found,  on  roUttiug  the  prism  about  ita  axil, 
iliere  is  a  certain  mean  position  whidi  gives  sm&Uor  doviation  of  Urn 
transmitted  light  than  positiona  on  either  side  of  it;  and  tbatv 
the  pri^ni  is  in  this  position,  a  small  rotation  of  it  has  no  aeadUi 
«flect  on  the  amount  of  doviotion.    The  position  detennined  ecpei- 
mentally  by  these  conditions,  and  known  as  tlic  po«iti</n  u/tniuimmm 
devSation,  in  the  position  in  which  the  ray  pia$s««  symoiutricallj. 
996.  ConstnctioD  for  DeriatioB. — The  following  giKnuetrtcal  am- 

stmction  fumtnhM  a  wya»- 
pic  mcUiuJ  of  reprea«iiitB(  ik 
variation  of  dvvnatioo  witbtW 
angle  of  incidance: — 

1.  When  the  rvfncttoo  iiit 
a  single  Burfaoe.  dtscribr  twt 
drcTiIar  nxts  aliuut  a  easm* 
centre  O  <Fig.  708).  Um  n» 
of  their  ra<lii  being  thtiaiti 
of  refractJoo.  Th«o  if  tk» 
cidence  is  from  raro  ts 


0*npnl  OontlraoUan  lor  DttUtkiD. 


dmw  a  radius  O  A  of  Uw  smaller  circlu  to  rvproseut  Ui4>  iliiidi*  <( 
Uio  incident  my,  and  let  NAB  bo  the  direction  of  the  sondit  b 
the  surface  nt  the  point  of  incidence,  so  that  O  A  N  is  the  aagltrf 
incidence.    Join  O  B,    Then  O  B  N  is  the  aiiglo  of  refraetkn.'M 

^^^4^-§^-:=indexof  refraction;  hence  OB  is  poraUel  lelhtv- 

fracted  ray.  If  the  IncidaDce  is  from  deuM  to  rare,  we  amt  te> 
0  B  to  represent  the  incident  ray.  nuike  O  B  N  equal  to  tlv  m^ 
of  incidence,  and  join  O  A.  In  either  ca««  the  an^le  AOB  it  dt 
deviation,  and  it  evidently  tocreasee  with  the  angle  of  imH** 
O  A  N,  attaining  il«  gTeat«Ht  value  wlwn  this  angle  (0  A  N'  b  Ik* 
6gure)  ia  a  right  angle,  in  which  caiio  tho  angle  of  ntnMm  Off 
is  the  critical  angle. 

2.  To  find  the  deviation  in  refraction  Uiniugh  a  pritBi,<i^B^ 
tn'o  concentric  circular  arcs  as  before  (Fig.  709).  tbtt  imb>a(  lUt 
radii  being  tlie  index  of  refraction.  Draw  the  mUw  0  A  sf  1^ 
smaller  circle  to  reprcHent  the  incideot  ny,  N  B  to 


^^rflWi 
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aormalatthoGnitHUrfncc.  BN'tlio  nonnal  itt  thn  second  aurface,  Then 
OBreprasentd  thv  direction  of  th«  ray  in  theprism.OA' tlicdin-ction 
of  the  «incrg«nt  my.  toA  A  O  A'  is  Accordingly  the  total  duviation. 
In  fact  we  have 

OAK    =  aBgU  of  lnd<l«nM  M  Ant  lurioob 

OBN  s       H        Rfnwtion 

OBtr  ■>      ■        ImMcmd kt  ■Mond  tuilMit. 

OATC  =       .         nfncitwii  H 

AOB  :=  tbTiUtwi  at  BM  vurfaoa. 

bOA'  a       „  •Mond  _ 

ABA'  =  Migl*  hMirran  winnili  =  ngk  of  |«tuft. 

Again,  the  deviation  AOA',  being  the  an^l^'  at  tlio  oontre  of 
a  eirciv,  ia  raeaaurod  by  the  arc  A  A',  which  subteods  it  To  obtain 
thv  iiiiniinuin  dnviMion,  wu  must  bo  arrango  mattc»  that  the  angle 
ABA'  being  given  (=angle  of  priHiii),  the  arc  A  A'  Rhall  be  a  mini- 
mum,    liot  A  B  A',  a  B  a'  {ftg.  710),  be  two  oonaecutive  poetitiona. 


nc  TM-««t«aUaa  t»  man 


nrTM-fTM4«« 


I  A'  and  Ba'  being  greater  than  BA  and  Bo.  IVn,  niuce  tlie 
angles  A  B  a.  A'  B  a'  ore  equal,  it  in  obvious,  fur  a  double 
>□,  that  the  small  an  A'  a'  is  greater  tJian  A  a,  and  hence  the 
whole  arc  a  a'  is  gn»Ust  than  A  A'.  The  deviaUon  is  therefore  in- 
ereMotl  by  altering  the  poaition  in  such  a  way  a«  to  make  B  A  and 
B  A'  tloport  further  from  equality,  and  in  a  minimum  when  they 
•n  equal 

997.  Oottjttgate  7oct  for  HinimDm  Derlatios. — Whvn  the  angle  of 
incidence  is  nearly  that  Dorreeponding  to  mininmm  deviation,  a 
amoll  diange  in  thia  angle  haa  no  senoible  effect  on  the  oitwunt  of 
deviation. 

Henoe  a  smnll  pencil  of  rayit  wjit  in  thU  direction  from  a  luminous 
pcdnt.  and  inci<lcnt  near  iivt  refracting  i.-'\j^i\  will  umergo  with  tlieir 
divergence  neuAibly  unaltered,  mo  that  if  produced  baelcwards  they 


** 
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would  meet  in  a  virtual  focuH  nt  tlic  Hune  distance  (but  of 
not  in  the  muhu  dtrociionj  aa  thv  point  from  wlucb  tboy  cuMkl 

Id  liku  inaan«r,  if  a  small  pencil  of  rays  oonvwrging  Uiwudi  i 
point,  aro  turned  aside  by  interposing  the  edgo  oC  k  pntm  ia 
poaition  of  minimum  deviation,  thejr  will  on  einergraoa  ooDvef^  I 
another  point  at  the  same  dtstonoe.     We  may  tlierefove  umtrl 
iieglectin<;  the  thicknvss  of  n  prism,  ocnyugate  foci  are  at  tiu  < 
ditianu  from  it,  and  ott  the  tama  »ide.  tcA«n  Uu  deviaHoft  iij 
fnintmv/rji, 

998.  Donble  Rflflrtetion. — Thus  far  we  have  boen  treatinc  i 
is  called  fingU  re/ruction.    We  have  assumed  that  u> 
incident  ray  there  correspotuU  only  one  re&tu:t«ii  my.    TU>  u  I 
when  the  refrsctioa  in  into  a  liquid,  nr  into  well-anowlod 
into  a  crystal  bolonj^in;;  to  tho  cubic  iiyHtvm. 

On  the  otlicr  luind,  when  an  incident  ray  is  refmctcd  tUBj 
crystal  of  any  other  ttian  Uie  cubic  system,  or  into  j^IaM 
unequally  stretched  or  compressed  in  different  tliroctions;  fact 
into  unannealed  gUss.  it  givca  risv  in  gvm-r&l  to  two 
which  take  dilTfrcnt  ;<iAth«;  and  thi»  phooomenan  b  taliti : 

refraction.  At 
tirxtcsJIeil  loitial^ 
BarthoUn.  who  «l»nfl 
it  in  the  caM  of  Ii 
Kprr.  and  it*  Ia«n 
Hubatanoo  WCM  striiTi^f 
dt't^  nninod  bjr  Bajgrn 
999.PlieBommrfBw* 
ftefraotioa  Is  btM-ifK 
—  IcehmdH^w  u  t^ 
Rpar  is  a  fona  ef  tif^ 
lixed  earbooita  rf  In 
and  is  foaod  in  kipf*^ 
tity  In  the  tamuj  im 
which  it  derives  ite  name.  It  is  usually  found  in  rbocnbalMU  ■>& 
as  represented  in  Figs.  71 1,  712. 

To  observe  the  phenomenon  of  double  refraetioo,  a  pitv  d  >>» 
spar  may  be  bud  on  a  page  of  a  printed  book.  All  the  lei(«»P« 
through  it  will  appear  double,  as  in  Fig.712;and  tbedtptk<<^ 
blackness  is  considerably  leas  than  tliat  of  the  onginaIv«u4**^ 
the  two  images  overlap. 


F1£  Tn-~Icbluiil-ip«r. 


nouBLB  KKnucnos, 
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'  to  state  the  laws  of  the  phenomena  wiUt  prectsioii.  it  is 
to  attend  to  the  cryatalline  form  of  IceUnd-sp&r. 
At  the  comer  whidi  in  n)pnigent«d  sa  next  as  in  Ft^;.  71 1  Hitm 
equ&l  obtUM  anj^lca  meet;  uhI  this  a  also  th«  ome  at  th«  oppo«it« 


ric  m—t»oiUt  i: 


'  J  rtltn A  njrtt. 


ler  wliich  is  out  of  sight  IE  a  line  bo  drawn  througli  udo  of 
I  ooroera,  making  eqnal  an^IcM  wjlb  the  tliree  edges  whidi  meet 
a,  it  or  any  lin«  pofalk-l  to  it  is  callMl  the  axis  of  the  crystoJ; 

I  Axis  bving  proporly  spMtking  not  a  dutiniU)  tine  buladetinite 

Th»  angin  of  the  crystal  are  the  Mnw  in  all  Rpec^moM;  but  tho 


I  of  the  three  edges  (which  may  be  called  the  obiiquo  length, 

llh,  and  thicknoaa)  may  have  any  raUos  whatever.    If  the  crystal 

'  sucJ)  proportions  that  those  throe  edges  ars  equal,  as  in  tlie  llret 

of  Fig.  713,  the  axis  is  the  directJoo  of  otic  of  its  iliagonais, 

^bich  is  represented  in  the  figure^ 

Any  plane  containing  (or  parallel  to)  the  axis  is  called  a  principal 

)iw  of  the  crystal 

If  the  ciyBlal  is  laid  over  a  dot  on  a  sheet  of  paper,  and  is  made 


lOlS 


REFRAcntnr. 


to  rotati.:  while-  remaining  olwAyn  in  contact  witli  Ute  paprr,  it  will 
bo  obMOrvod  that,  of  the  two  itna^os  of  tbv  dot.  one  rcinaitu  «»- 
moved,  and  tho  other  revolves  round  it.  Tbe  fonn«r  in  called  lb* 
ordinarj/,  and  tJie  latter  the  extfaordinary  image.  It  will  ako  b 
observed  that  th*.-  fonner  appears  nearer  than  the  latter,  being 
lifted  up  bj  refraction. 

The  ray»  which  form  the  ordinary  image  Follow  the  ordinarr  law 
of  sines  (§  983).  lliey  are  callctj  the  ordinary  rays.  Those  wWA 
form  the  extraordinary  image  (called  tlie  extraordinary  rayi)iloB0t 
follow  the  law  of  sinea,  except  when  the  refracting  surface  is  |anlki 
to  tlie  axis,  and  tliu  plane  of  incidence  perpendicular  to  U»  ais:  ad 


rays. 


in  this  case  tlicir  index  of  rufnvctiuu  (called  the  extraordioaiy  iadc^    n 

The  ordinary  imla  ill 


is  ditlercnt  from  that  of  the  ordinarv 
l-fiii,  an<I  the  ex traon Unary  1*48. 

When  the  plane  of  incidence  is  parallel  to  the  axta,tlM  ma- 
ordinary  ray  always  lies  in  this  plane,  whatever  he  Out  dindkitf 
tlitt  refracting  surface;  but  the  ratio  of  the  sinea  of  tba  ai|tatf 
incidence  and  refraction  Lit  \'ariabk-. 

WhiMi  the  plane  of  incidence  is  ohli()Uu  to  the  axia,  tht  «!■■ 
ordinary  ray  generally  lies  in  a  different  plane. 

We  idi&ll  recur  to  the  subject  of  double  refractJou  in  the  onaciafiac 
chapter  of  this  volume. 


CHAPTER    I,XX. 


LENS>:S. 


1000.  7oniiB  or  LensM. — A  I<>tm  ta  usually  n  pi««e  of  glui  boundod 
two  5urfM.-oa  which  are  portioita  of  inpheros.  There  aru  two  prin- 
cipal ctoHMw  of  l<!nMia. 
^K  L  Converging  lenMs  or  convex  loasoi,  whid)  bav«  ooo  or  other  of 
^^s  Ihreo  fomw  nprwentnl  io  Fig,  714.  Tlii?  lint  of  thwe  is  csIImI 
^Boabla  eonvflx,  the  wcond  pUno-coitvcx,  and  tlio  Uiiri)  eoncnvo- 


A 


WT 


n»  ni.-OlM*Mtfi«  tMMM. 


n»  TU.— DirasiM  l—m. 


I  thicker  in  tb«  midtllv  than  at  th«  adgM.    They  ore  called  coo- 
king, liecau8G  rayn  are  always  wore  coovergvDt  or  less  divergent 
poHsing  through  them  than  before. 
ft  D^ferging  lenaee  or  eoneava  lenMs  (Fig.  7tS)  produce  tho  oppo- 
I  aflbd.  and  nrv  ctiomctcri/i'N]  hy  being  thhinor  in  tJie  middli'  llian 
i  Dm  fdgoa.    U(  tJiu  thnm  UtrnM  rrprc«ient«d,  the  first  iit  double  con- 
.  the  woond  plano-coooavo.  and  tlie  third  ooovexo-coocave  (aUo 
Jled  a  <iiver]^ing  meniMw). 
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tin  Till  -  rrtiDF4|ii)  Tocat  el  t\.nnt  I'ai 


Frum  the  immense  imporlanco  of  IftOMf,  (Mpecinlly  coovu 
in  practical  optics,  it  will  bo  n«oeflBai7  to  expUiu  liicir  pnpertM  it 
some  length. 

1001.  Pri&cipAl  Poaas. — A  lens  is  usuallj  a  solid  of  revolatioo,: 
tl>e  Bjcifi  of  revolutiun  Li  c&I1<m1  the  <urw  of  tiie  lena,  or  sometitDM 
prineipal  axi».    When  the  surfaces  are  aplierical,  it  is  the  linejoiD- 
ing  their  oontvea  of  curvature. 

When  ra)-s  which  wuro  origiually  parallel  to  the  priodpal  au 

p«n  thruugh  a  ammx 
lt'n<i<Ki)r.  7H).iJk>«r' 
feet  of  tbn  two  nine- 
tioos  which  they  it»- 
<ivn:ro,  OHM  oa  nine 
tktiil  the  other  tn  lca> 
ing  t})«  li-na,  u  tu  nakt 
iheu  nil  cmiwip  i^ 
proximaieJf  lo  tm 
point  P.  whA  b 
colled  the  princt/Kt^  /uoua.  The  diiitance  A  F  of  the  priocifaJ  bm 
from  the  lena  is  called  the  principal  focal  dittanee,  or  mora 
and  usually,  the  focal  letiffth  of  the  Iccis.  There  ia  aDotlxv 
cipal  focus  at  the  same  distanoe  on  the  othor  side  of  the  Uaa  w 

rwitpoadiiig  to  la  Im- 
dent  bouD  ootniag '»  ^ 
opposita  diroetiiia.  lb 
fucal  length  ik)pMb« 
the  ooavextty  dtt*'*' 
faces  of  the  le(H,aadiki 
on  the  rofraetirc  fnw 
of  th«  matwial  c(  «Ui^ 
it  is  oompoH^  hfl| 
ahort«n«d  aitb«  I7  m 
iiicTooso  of  rcfractivo  power  or  by  a  dimioutioa  of  tb«  raSa  t4«B- 
vaturc  of  tliu  Faci.'A. 

In  tiie  conl^  of  a  coiimvc  len;<,  rays  incident  pandlel  tu  the 
axis  diverge  after  pat«iing  through ;  and  their  directioiK  if 
hackwards.  would  approximately  meet  in  a  point  F  (Fig.  7l7]i 
ia  still  called  the  principal  focus.    It  isonly  a  virtual  foctBki 
as  the  emergent  rays  do  not  actually  pass  tlinnigh  it,  wbMMi 
principal  focus  of  a  conver^ng  lenn  is  real. 


m 
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CKSTRH  or   LESS. 

IOCS.  Optical  Centre  of  »  Leu*.  SMondKry  Aios— TiOt  O  and  O* 
(P%.  7 IS)  be  tlii;  ccnlroB  ot  tlie  two  •pherical  surface*  of  a  l«iu. 
Draw  any  two  parallel  n<lu  O  I. 
O'  B  to  niet't  these  Hiirfaco«,  and 
let  th«  joining  line  I  E  nsprcMtnt 
a  ray  potning  through  th«  Icdh. 
Th«  ray  makn  «qiuit  angles  witli 
Um  normals  at  1  and  E,  since 
tlwM  Utt«r  aro  ]«nillol  by  oon- 
■traction;  hence  tba  incidont  anil 
einttgent  rays  S  I,  E  R  also  maku 
equal  angles  with  the  nonnals, 
and  are  therefore  parallel.  In 
fact,  if  tangent  planes  (indicatotl 
by  the  dotted  lintut  in  the  figure^ 
aru  drawn  at  I  and  K,  the  whoto 

oouiMoE  the  ray  SI  ER  will  b«  the  same  an  if  it  liad  paased  through 
B  plate  botmded  by  thcHo  planes. 

L«l  0  be  the  point  in  which  the  line  I E  cuts  the  prindpal  axis, 
and  lot  R,  R'  denote  the  nulii  of  the  two  spherical  surfaces.  Then, 
ftom  the  Hiiiiil&rity  of  the  triangles  O  C  I,  0'  C  E,  we  have 


T\i  TU.-Oaatr*  tl  I«k 


00 


h 


U) 


^pirhich  shows  Uiat  tho  point  C  divides  tlie  line  of  centres  O  O'  in  a 
F^deGsit«  ratio  depending  only  on  the  nulil  EvL-ry  nty  whom  diroc- 
tioo  on  emergence  is  parallel  to  H»  direction  Ix'fore  catering  the  lena. 
must  pan  through  the  point  C  in  travening  the  lena;  and  coavenely, 
every  ray  which,  in  its  eoorae  through  the  lens,  traverses  the  point 
O,  has  parallel  directions  at  incidence  and  emergenoo.  The  point  C 
which  poamnee  this  remarkable  property  is  callmt  thu  oentrt,  or 
optical  eettire,  of  the  lens. 

In  the  cane  of  a  double  convex  or  <louble  concave  lens,  the  optical 
eentre  liott  in  the  intt^rior.  ita  distanctM  from  the  two  surfaces  being 
directly  as  their  radii  In  plano-convex  and  plano-concave  lenses  it 
Ml  .sitoated  on  the  convex  or  concave  surface.  In  a  meniscus  of  either 
kind  it  lies  oubtide  the  lens  allogothor,  its  distances  from  the  surfaoM 
Mtng  still  in  the  dtroct  ratio  of  tlicir  radii  ot  curvature^' 


lThaMog4Mi)uaiiom  toOovM  OHM  (riMMMtlan  (l)i  (■>'  Um  ill 


dO  iNBiht 
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Id  (elementary  optics  it  is  usual  to  nvglcct  thi*  UtidUMn  of  tht 
The  incidcot  and  viuurgcnt  rays  S 1.  E  R  uwy  tliea  ba 
lying  in  one  stiaight  Uoe  which  pasaea  througli  C,  and  we  mvf  lajr 
down  the  proposition  that  rays  u-Mdi  pasa  through  tiuenUrftf  i 
Itns  vndtrrfo  no  deviatwn.  Any  straight  line  through  the  oatln 
of  a  lens  is  called  a  aecorulary  aseia. 

The  approximate  oonvorgence  of  the  refracted  rays  to  a  pciil. 
when  the  inci<I«iit  rnra  are  parallel,  is  true  for  all  directtoaa  of  ia- 


¥\t  TL  r.  —  rrinetpU  Faro*  DD  ift«a)ii'tjff}f 


ddence;  tad  tJie  point  to  which  tJie  emei^eiit  rays  approuaaMf 
convei^  {/,  Fig.  719)  is  alu-aya  situated  on  the  aeoooduy  axk  (nc^ 
parallel  to  the  incident  rays.  The  focal  distance  i»  usilUy  ll» 
same  as  for  rays  parallfl  to  the  principal  axis,  onlcaa  Ih*  obBqaiij 
in  cuiisUlcniblo. 
1003.  Conjugate  fool. — When  a  luminous  point  S  Mindii  nn  D • 


r\t  I»)  — CunJUKU*  r«l.  IwUi  KeaL 

lens  (Fig.  720),  the  omergt-nl  rays  conviige  (approximatplyl  <«  ' 


two  (>c«s  an  nrpnHinlkj  Ibe  dilTwvMa  bftwMs  R  utA  O  C^  lad  Ub 
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it  S':  wbenoe  ii  follows  that  rays  sent  from  S'  to  the  l«ns  would 

iQvci^  (approximately)  to  8.    Two  points  thus  relaUid  are  called 

oonfugate  Jooi  of  tho  leiu,  and  thu  tine  joiuinj;  tlioin  always  poaiwt 

ihrougli  Ui«  centre  of  the  Iodk;  in  otbur  worils,  th«y  must  either  be 

boUi  oo  the  principal  axis,  or  both  on  the  soiue  aecoadary  oxU. 

The  fact  that  raya  which  oomo  from  one  point  go  to  one  point  is 
the  foundation  uf  tbu  theory  of  ttimgoi,  as  wo  have  already  «xplaini-d 
in  connection  witlt  miiront  (§  967). 

The  diamct«n  of  object  and  image  are  directly  an  their  diaUtnc*.-* 
from  t)i«  centre  of  the  lens,  and  the  image  will  be  eract  or  tuvt-rtftl 
according  as  the  object  and  Image  lie  on  the  same  side  or  on  opixMite 
iid«i  of  this  centre  (§  971).  There  is  also,  in  tho  ca«e  of  lenses,  the 
I  aam«  difleronoo  between  on  tougv  scon  in  inid-air  and  an  inia^^'r 
^-thrown  on  a  screen  which  we  have  pointi.'d  out  in  §  074. 
^■^  It  )»  to  be  rvmarkcd  tliat  the  distinction  Iwtween  principal  and 
^^noontlary  axes  liae  much  more  aiguiScance  in  the  caae  of  lenses  than 
^W  tnirrura;  and  images  produced  by  a  lens  ore  more  distinct  in  tliu 

I  neighbourhood  of  tlio  principal  axis  tlian  at  a  distance  from  it. 
1004.  FormnlB  relating  to  Leases. — The  deviation  proiluocd  In  a 
[ 

for  the  lens  a  prism  bonml'  <>    <;  j  :;iii>'h  which  touch  the  lens  at  the 

mrIa  of  incidence  and  emorgenoe;  and  in  the  actual  use  of  lonnw, 

dimction  of  the  rays  with  respect  to  the  suppoecd  [>rism  b  such 

I  to  give  a  dci-intion  not  ditforint;  much  from  *hv  minimnm.    Hie 

for  tlio  minimum  deviation  (g  995)  ia2t-Sror2<  -A; 

ad  when  the  angle  of  the  prism  ia  small,  as  it  is  in  the  ease  of 

linary  lenses,  we  may  assume  -  =:-g^=  fi;  w  that  2  t  beoouM 
'.  ^r  or  It  K,  and  the  exprinaiun  for  the  deviation  beeomo 

lo-DA.  n) 


by  trotwmisaioD  through  a  lens  will  not  bo  altered  liy  suLettitutiug 


ric  r:i-— [iU«rii»  ili^ait.j  I-iili  lit  B*r,  UI<1  NuruiU. 
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A  being  thv  angle  between  Uic  Uagont  pUiws  (or  betreen  tiki 
normals)  at  the  points  of  entrance  and  emexgence. 

Let  IS,  and  ic,  denote  the  distances  of  these  poLnto  n«pocttviily  boa 
tbe  principal  axis,  and  r,,  r,  the  radii  of  curvature  of  Uw  bea  oo 

which  they  Me.    Then  ^'  ^  are  the  sines  of  the  angles  which  tbt 

□ormala  make  with  the  axia,  and  tlie  angle  A  U  the  aum  or 
ence  of  these  two  angles,  according  to  the  shape  of  the  leii& 
cate  of  a  doublo  convex  lens  it  is  tlicir  sum.  and  if  we  identi^ 
sines  of  theae  small  angles  with  the  angles  theuuHslves,  we  havi 


'1    t 


m 


Bat  if  ;),,  pj  denote  the  dlitancca  from  the  taoai  of  the  leoa  to  the 
points  where  the  incident  and  emeigent  rays  cut  the  principal  asa 

^  2  are  the  aines  of  the  angles  whicfi  these  rays  tnake  with  iki 

axis,  and  the  deviation  is  the  sum  or  diflereQca  of  those  two  aq^ 
according  bs  the  conjugate  foci  am  on  opposite  udea  or  on  th>  ■■• 
aide  of  the  tens.     In  the  former  case,  identifying  the  angles  antb 

their  sines,  the  deviation  is  ~  +  ~,  and  thia,  by  formula  (1).  is  to  tt 
equal  to  (ji-l)  A,  that  is.  to  0*-l)  Q*~)~ 

It  the  thickness  of  the  lens  is  negligible  in  oomparisoo  vrilh  p,.f, 
we  may  regard  «,  and  x^  an  e<{ual,  and  tbe  cqoatioD 


will  ledacs  to 


m 


If  p,  is  infinite,  the  incident  rays  are  parallel,  aod  ;>,  u  the  pRBC^ 
focal  length,  which  we  shall  denote  by  /.     We  have  thanlan 


•oi 


ri--M^i) 


S*S=7' 
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1005.  Conjugate  Foci  on  Secondary  Asia. — Lei  tf  (JPip  TU)  ta  a 
luminous  point  on  the  secondary  axis  M  O  U',  O  betng  the  eMm<f 
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otid  let  M'  b«  the  point  in  which  on  emer^nt  nty  oorre- 
liiig  to  the  tncitlnnt  ray  \l  I  cuts  this  axia     hei  x  deaoto  «,  or 
a^f,  the  rliatanms  of  the  poinU  of  incidence  oikI  omerf^nc*  from  the 


cipal  ftxi«,  and  8  the  obliquity  of  tlio  secondary  axia ;  then  x  coa  9 

i  tfie  length  of  the  perpendicular  from  i  upon  M  ML',  and  ^nV'  '-^t ' 

the  sines  of  the  angles  O  H  I,  O  U'  I  reHpoetiv«ly.    But  the 
detiatioo  is  the  sum  of  these  angles;  hence,  proocsding  an  ui  laat 
ction,  ve  have 


m 


m 


iie  fact  that  X  does  not  appear  in  equations  (G)  and  (8)  shoirs  that, 
or  every  position  of  a  luminous  point,  there  is  a  conjugate  focus, 
jring  on  the  same  axis  as  the  luminous  point  itself.  Equation  (8) 
hows  that  the  effective  focal  lengUi  beoomoB  shorter  as  the  obliquity 
aniiw  grtistcr.  iU  value  bolng/coa  9.  where  S  is  tlio  obliquity. 
It  we  take  account  of  the  bet  tliat  the  raya  of  an  oblique  piMiell 
ke  the  angles  of  incidence  and  emergence  uiore  unequal  tluiti  the 
ays  of  a  direct  pencil  and  thus  (by  the  laws  of  prisms)  undergo 
or  duviatirtn,  we  obtain  a  still  furtlivr  short«ning  of  the  effi-ctirs 
length  for  obliqus  pencila. 
When  tlie  obliquity  in  small,  ctw  0  iiuiy  ho  regarrled  as  unity,  and 
r«  may  employ  the  formula 


^i  = 


(« 


'  oblique  att  well  at  for  direct  pencila. 

1006.  Disenssioo  of  the  Formnla  for  Convex  Leases. — For  oonvez 
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leoses/is  to  bo  ri*:^Txlcd  as  ptwitjvii;  j>  will  bo  poKitiv«  wb«D 
from  the  Iviis  townrtU  the  incident  ligbt^  ajul  p'  wben 
the  direction  of  tlie  emergent  light. 

Konnula  (C),  being  identical  with  equation  (b)  of  §  S6S,  iMilt 
results  analogous  to  those  already  deduced  for  conmve  mimm. 

As  one  focus  advanoes  from  infinito  distance  tn  a.  |irini-i|al  (oca^ 
its  conjugate  moves  away  from  tho  otlior  priocipal  focus  to  t 
di;ttaiico  oil  tho  other  iudc.  Tlic  iiion-  distant  focus  is  alwayi 
more  rapidly  Utan  thr;  nearer,  and  titu  iMSt  dixtaaoa  botwiMt 
is  accordingly  attainixl  when  they  are  ei|ui<liHt«nt  fntni  Ui*  lent;  Gl 
which  case  the  distance  of  each  of  thum  bom  thu  lotm  is  S/,  uhI  tbar 
distance  from  each  othur  4/ 

If  oitlKT  of  ihv:  dititanoe*,  wa  p,  is  Icm  thnn  /,  thv  formnla 
that  tlic  other  distance  jf  i»  iH^ntive.    The  tuonning  is  that  tb« 

foci  atv  oa  the 
side  of  th«  Inv,  iti  b 
this  ease  one  of  tli>B> 
(Uiv  iiion  dislut  of  lb* 
two)  must  be  liitnal 
Kor  tixainpir,  in  Ff 
723,  if  8.  8  an  •  f«> 
of  ooi^ugat*  tod.  M» 
of  thein  S  biiaf  W> 
tvcwa  the  ftiitifi 
focoa  P  and  tlw  hift 
rays  sent  to  the  lens  by  a  luminous  point  at  S.  will,  after  maa^tL 
diverge  as  if  from  S';  and  rays  coming  from  tho  otbtf  aUatl  tkt 
lens,  if  they  converge  to  S'  before  Inadence,  will  in  reality  bt  aak 
to  meet  in  S.  AsS  movt-s  towards  the  lenn,  S'  movut  in  thr  M» 
direction  more  n'pidly;  and  they  become  coincidi^t  at  tha  mrfM 

of  tJie  lens.    The  formula  in  fact  shows  that  if  '  b  very  gmt  ii 
comparison  with  \,  and  positive,  -^  must  be  very  great  and  imili'i 

tliat  is  to  say,  if  />  l«  a  very  small  positive  (|uiuitity.  p'  an  my  mmH 
negative  qimntity. 

1007.  Formation  of  Real  InagSB.— Let  A  B  (Fig.  724)  be  an  d^H 
in  front  of  a  leas,  at  a  dbtanee  cxeoeding  the  prji>ei|ial  food  UiCtb. 
It  will  have  a  real  imago  on  the  oUmt  std*.-  of  tlie  Ima.  Tu  ikM- 
mine  tlie  i>osition  of  the  inia^  by  ooiLitruction,  dmw  tbn^  Mf 
point  A  of  the  object  a  line  parallel  to  the  prind[«l 


rift  Td-OsojOfMa  FmL  dm  *mi,  an*  Vtotod 
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Imw  in  A'.  Th«  my  n»i>n'--n>nte<l  by  this  line  will  ftft*r  refnc- 
through  tli«  pritictiMd  fociui  Fj  and  H»  iiitonwctioa  with 
Mcomlary  axis  A  0 
iletcnniiius  Ui«  posilioii 
:  of  a,  th«  focus  ooojii- 
t.U>  to  A.  Wo  can  in 
[liku  tiianncr  detcmiint- 
|MjciiUon  of  b,  ilx' 
conjugate  to  B. 
^another  point  of  tlie 
Lobjvct;  and  tlw  joitiiti);; 
fUne  ait  wilt  tliim  be 
libe  image  of  tlie  lino 

A  &    It  is  evidoat  tliat  if  a  &  were  the  object,  A  B  would  be  the 
iina^ 

Figfl.  7H.  7S5  i«preaent  the  caaes  in  which  the  distance  of  th« 
ith}ttt    U    reapectivcly 
it«r  and  1«hs  thmi 
ttwicv  the  focal  length 

fcf  lUf  lotis 

1008.  Site  of  Image. 
-In  eadt  oase  it  is  evi- 

«»« ^.?-^^;' 

the  linear  dimen- 


Fduit 


tion*    of    object    and 
image  an  dirtctlg  at 
their  Jiatanaea  /mm  the  oeiUre  of  the  Uiul 
Ajjain,  since  by  equation  (6) 


nt.  7ti^-Kml  M>1  tUculBnl  tiUM^ 


if-7  p-f/ 


w 


we  have 


r^f- 


-/ 


(lo» 


rfroin  which  formula  the  aize  of  the  image  can  Ira  calculated  withoni 
ftlndit);*  ilM  ponitiotL 

1009.  Example.— A  straight  line  25"  long  is  placed  perpeodi* 
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culftrly  on  the  axis,  at  a  distance  of  35  oentimetrcs  from  a 
l&  centimetres'  focal  length;  what  ue  the  position  and  Okagnit 
die  image? 
To  det«nnine  the  distance  p'  wo  havo 


For  the  length  of  tim  image  we  havo 


1010.  Imigt  OB  CroBS-wiree. — Tho  position  of  a  real  image 
mid-ntr  can  be  ttstud  by  means  of  a  cross  of  tfarpadu,  or  othtr 
venient  mark,  so  arranged  that  it  can  be  fixed  at  any  required  pooi 
The  ohiierver  must  tix  tliix  cross  so  that  it  appears  approxinuuelj  ta 
coincide  witli  a  selected  point  of  the  image.  He  mnat  ttwl  UJ 
whether  any  relative  displacement  of  the  two  occurs  on  ahiftiiifba 

,  eyo  to  one  side.    If  ho,  the  cross  must  be  pushed  nearer  to  th« 
or  drawn  back,  according  to  t)iu  naturu  of  tiio  observed  diai 
whicli  follows  the  geoeml  rulu  of  parallactic  diiiplaoeiDanL  tbtfc 
difttant  object  is  diitplacvd  in  the  tuuiie  dinwtioo  as  tl»  «^ 

^server's  eye.  The  cross  tuny  tlitu  be  brought  into  exaet  ooiadiint 
with  the  selected  point  of  the  image,  so  as  to  remain  in  apfiiM 
coincidence  with  it  from  all  possible  points  of  view.  Whn  im 
coincidence  has  been  attained,  tlie  cross  is  at  the  focuK  octyngi*'  >* 
that  which  ib  occupied  by  the  selected  point  of  the  objwt 

By  employing  two  croeeee  of  threodft,  one  to  sor\'e  as  obJMl  •■' 
the  other  to  iiinrk  the  position  of  the  image,  it  in  easy  to  Tariff  lb 
fact  tliitt  when  the  Recon<l  croA8  coincides  with  the  image  ti  tkt  fat 
the  iirat  also  coincidee  with  the  image  of  the  aeoond. 

1011.  Aberration  of  Leasee. — In  the  investjgatioiu  of  §§  lOH  UA 
we  made  scvi^ral  assumptions  which  wore  only  ^>pn»iB»tll]r  dv 
The  rays  which  proceed  from  a  luminoujs  point  to  a  lew  art  la  ^ 
not  accurately  refracted  to  one  point,  bat  touch  a  eoml 
called  a  caustic.  The  ciLtp  of  ttiis  caustic  is  the  oonjugmtt  foeniL' 
is  the  point  at  which  the  greatest  ooncentratioD  of  light  ocnn  1> 
is  aooordingly  the  place  where  a  screen  must  be  Mi  to  nhtwi  A* 
brightest  and  most  distinct  image.  Bays  from  tba  oantnl  paik^ 
the  lens  pass  very  nearly  through  it;  bat  rays  froin  tbe  cticnrfi^ 


CONGATB  LBirS. 
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portions  fall  abort  of  it  This  departure  from  exMt  ooncnrreDoe 
is  fitted  <U>erratum.  The  distinctocss  of  aa  image  on  a  acreen  is 
intproved  bj  employing  an  angular  diaphragm  to  cut  off  all  except 
tilt  oentral  rays;  but  tho  brightness  in  of  courao  diminished. 

BjT  holding  a  convex    lens  in  a    position  very  oblique  to  the 

ilneidenfc  light,  a  primary  and  neooiulftry  focal  line  can  be  exhibited 
OB  ft  acneo  perpendicular  to  the  beam,  just  aa  in  the  caae  of  concave 
minors  (g  975).  The  experiment,  however,  is  rather  more  dithcult 
of  performance. 

11012.  Virtual  Ima^a — Let  an  object  A  B  bo  placed  between  a 
•ODvex  lens  and  its  principal  focuo.     Tlieo  tho  foci  conjugate  to  the 
pobtiM  A.  B  an:  virtuaJ, 
utd  their  poaition  can 
1)0  found  by  construe- 
tionfniin  tho  consJd  cra- 
yon that  nya  through 
A,  B.  parallel    to   the 
principal  axis,  will  be 
refracted  to  K,  the  prin- 
cipal focus  on  the  other 
Ue.    Thme  refracted 
ays,  if  produced  baelc- 

rard,  must  me«i  the  aeoandary  axes  O  A,  O  B  in  the  required  polola 

eye  placed  on  the  other  side  of  the  lena  will  accordingly  aee  a 

rirtual  image,  erect.  nagoiStd.  and  at  a  greater  distance  from  the 

'lens  tlian  the  obji-ct    This  ia  the  principle  of  the  simple  micnaoope. 

The  formula  for  the  distances  D,  tl  of  ohjoct  aad  image  ttom  the 

lens,  when  both  are  on  tjto  same  side,  is 


nt.  m  — Vtrtiul  rni^(  l<«nBl  br  Ooani  Uiil 


1    1    1 


(ll» 


^dsnoting  the  prindpal  focal  longtli. 
1019.  OoBcave  Lena—For  a  concave  lena,  if  the  focal  length  he  still 
Jed  as  positive,  and  denoted  by  /,  and  if  the  distaoocs  1),  tJ  be 
,  the  aame  nde  of  the  lens,  tho  formula  beoomes 


I      1      1 


W 


rhicb  shova  that  d  is  always  l«w  than  D;  that  is.  the  Imago  is 
to  the  lens  tluui  the  object. 
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In  Fig.  727,  A  B  is  the  oltJL-ct.  lunJl  a  b  thi<  Imiige.     Ray*  inddwt 
froiu  A  and  B  patalk-l  bo  Un-  ;>riiin))ttl  iixbt  will  enlarge  u  if  tb«j 

ctine  from  tlu  pritib- 
[■111  rocuH  F.  Hwn 
the  {>oint«  ab  htt  it* 
U.Tmin«d  by  tlui  is- 
k-r«c-ctJODS  of  Uitdalp 
u-d  lin«8  io  tha  t^gan 
wiUi  tlio  aooaadHj 
MM  OA,  OR  is 
eye  on  tho  othar  ndi 
of  tbe  Idu  HM  tk 
image  a  &.  which  is  always  virtual,  erect  and  diminished. 

1014.  Focometer. — SillMU-inaiin's  focomet«r  {¥ig.  728)  U  SB  iutra- 
nicnt  for  tiiesiiuring  the  focal  lengths  of  convex  teiwes,  and  k 


Pis  nf.— TMnid  ImacD  l<«mol  Vt  Caoiwrt  Ua& 


on  tho  priiidplo  (§  1006)  Uiat,  when  tfa«  object  and  ibi  itwi0»  ■• 
Miuiditiunt  from  Uio  Ivm,  bb«ir  dirtanco  from  each  otbRr  ■■  tarn 

lunes  the  fuotl  IcBflh. 

It  cooaiats  of  a  gnda- 

at«d  mlecanyiiifllM 

rannen  M.  L.  M*.  TW 

middle  oD«  L  i>  Ihei^ 

[*ott  for  tJie  1«M  «^ 

is  to  be  esamiiMd.tkt 

othor  two,  UV.CM- 

tain  two  thin  plsta^f 

bom  or  otW  tianhi- 

cent  material,  raled  with  lines,  which  are  at  the  nudt  dirtaiH*  spsft 

in  hoth.     The  sliders  most  be  adjusted  until  the  jmnp  of  ob>  <'' 

Uiusc  pluti<s  is  thrown  upon  ihe  other  plate,  withoQl  anhnfcaMot  iv 


rtc  na 
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4failaution,  u  t«slad  by  Uw  oobiddeooo  of  tbc  ruled  lino*  of  the 
liMg*  with  thoM  of  the  plate  on  which  it  i»  caat  Th«  <listaoee 
between  H  Mid  U'  is  then  rwd  off,  and  divided  by  4. 

1015.  Befrftction  at  a  Single  Spherical  Snrfue — .Suppose  a  small 
pencil  of  rays  to  be  incident  nearly  oormally  upon  a  apbvrieal  BUr- 
faoe  which  fomut  the  boundary  bclwMO  two  media  iu  wliidi  Uie 
itidiciH  arc  ^,  aiid  fi,  rwiiK-ctivuly.  Lot  C  (Fig.  7S0)  bo  the  centre 
of  curvature,  and  C  A  Uio  axis.  Let  P,  be  Uie  fociu  of  th«  incident, 
uQd  f,  of  the  refracted  rays.  Then  for  any  my  P,  B.  CB  P,  is  tlia 
angle  of  incidence  and  C  B  P,  the  angle  of  refraction.  Hvnoe  by  tJte 
law  of  nnes  we  have  (§  093) 

Dividing  by  iiin  BCA,  and  obaerviiig  that 


we  obtain  the  e<|uation 


-J?l 


w 


wliieb  expresses  the  fundamental  relation  between  tlie  positioua  of 
the  ooi^iugate  focL 

Let  A.O=r,  AP,=Pi,  AP,=p^  then  equation  (IS)  beooutea 


or,  dividing  by  r, 


Pi 


-(i-^Mi-^> 


rhicli  may  bo  writtvQ 


r 


<tl) 


(U) 


Again,  let  C  A=^  CF,=:gi,  C  Pt=9i.  th«n  equation  (IS)  gives 


',-fs 


or 


n     71        M     ft 


a« 


an  equation  cloaoly  analogous  to  (14)  and  leading  to  the  reault 
(auatugoua  to  (15)) 

The  aijjnii  of  p^,  p^,  r,  in  (14)  and  (15)  are  to  be  dotennioeil  by  the 
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rule  ttidt.  if  one  of  Ihc  three  poinM  P,.  P,.  C  lios  on  tbe  opponte  ndt 
of  A  from  the  otltur  two,  ib«  dinUuice  froia  A  is  to  be  redcaoed 
pottite  in  siga  to  theira. 

In  like  maimer  the  signs  of  9,,  q,,  p,  in  (\Ci)  and  (17)  art  td^ 
determined  by  tlie  rule  that,  if  one  of  the  three  i>oiiitn  P^,  P^  A  Gal 
on  the  opposite  »ido  of  C  from  the  other  two,  its  distance  fnan  C  | 
in  to  be  reckoned  oppoait«  in  tiga  to  Uii-ira. 

It  is  UHual  to  reckon  di«tjuiccs  posiUvv  when  measured  tomrA^ 
Hu  inoidmt  liffKt;  but  the  fomtuW  will  remain  oorroct  if  the  apfoat* 
convention  be  adopted. 

If  y  denote  the  principal  focal  length,  meaaured  from  A, 
by  (15),  writing/for  p^  and  nuikiiig  f>,  infinite. 


1 

7 


euJb  L, 


IH 


S^i  (16)  may  now  bo  written 

ft        Ih        H 

it  bdng  undentood  tliat  the  powtive  <lirucHon  for  /  U  llw  aaHii 

fof  Pi'  P»  »nd  »■■ 

The  application  of  these  formuhe  to  leiuM  in  cases  whtn  tk 
thickness  of  the  lens  cannot  be  neglected,  may  bo  illiutnUed  b^tk 
following  example. 

1016.  To  find  Uic  poattion  of  tlie  image  formed  by  a  apbehal  Um 

Let  dUtancee  be  measured  from  the  centre  of  tlie  a[JMf%  wid  W 
reckoned  positive  on  the  aide  next  the  incident  light 

Then,  if  X  denote  the  di^ttance  of  the  object.  ;/  the  diataoearfttr 
imago  formed  by  the  fiist  refraction,  a  the  distaoce  of  llu  iatp 
formed  by  the  second  ref  ruction,  a  lh«  radios  of  tlie  apbete,  aod  ^  • 
index  of  refraction;  we  have,  at  the  first  aurfsce, 

and  at  Uie  second  surface 

Hence  equation  (17)  gives,  for  the  first  refraction. 
1  _  1  .  (  1  _  1  )  i  . 

and  for  the  second  refraction, 

*      nt        \*     It  f  o     \m      *  }  m 
By  adding  these  two  oqnatioM,  ve  obtain 

I       1      M      ,  \  s         --1     « 
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If  tbtt  inci'ivnt  nyit  uv  p*rftl]ol,   w«  hftv^  «  iaflnibu  an<l  »  = 
— ~  -* ;  that  13  to  say,  the  principal  focus  is  at  a  <listanoe  ~t  *  from 

th«  centre,  on  tho  wiik-  rcmoto  from  tli«  incident  llj^iL 
1017.  Oamen  ObHora.— Th«  imagui  obtained  by  raeamof  a  hole  in 

the  !ihutt«r  of  a  tiark  room  (§  058)  become  i<harp«r  as  the  ntxn  of  the 

hole  is  diiniiuHhcd;  but  this  dirainutiou   in- 

volvfls  loss  of  light,  w  that  it  b  imposBJbte  by 

thta  method  to  oblAin  an  imni^-  at  once  brigbt 

and  sharji.     This  difficulty  can  }<v  overcome 

by  employing  a  lens.     If  the  objects  in  the 

externa]  1  andscape  depicted  are  all  at  distancee 

many  times  greater  than  the  focal  length  of 

the  lens,  their  images  will  all  bo  foniiod  at 

mnsibly  tliv  same  distance  from  the  lens,  and 

may  be  TVHxivfrc)  apoD  a  ecreen  placed  at  this 

distance. 
Theimsfces 
til  us  ob- 
tained are    - 

inverted,  ric  m-ot^MUmf  c«»«>c 
and  are  of 

the  same  size  as  if  a  simple 
aperture  were  eniplnyod  iiutead 
of  a  lens.  This  is  the  principle 
on  which  tlio  cum«ra  obsctuxk  is 
diiu'tnicted. 

It  is  a  kind  of  t4.nit  surrounded 
by  opa(|ue  curtains,  and  having 
at  its  top  a  revolving  lant4m. 
containing  a  tens  with  its  axis 
l)ori»)ntal,  and  a  mirror  pioo-d 
behind  it  at  a  slope  of  45°,  to  re- 
flect the  tnuuunittod  light  down- 
wanb  on  to  asheet  o(  white  paper 
l}-ing  on  the  top  of  a  tablu.  Im- 
ages of  external  objects  are  tbua 
depicted  on  the  pftpur.  and  Uietr 
outlines  can  be  traced  with  a 

pencil  If  desired.     It  Is  still  hotter  to  combine  lens  and  mirror  in 

otM},  by  the  arnuigciiuint  represented  in  section  tn  Fig.  7!W.     Rays 


*••«»>, 


via  m.-rkalopapU(  CtaHn. 


t 


lOiS  ^^^^^^  LESSER  ^^^^^^^^^^ 

rrom  extenuil  olgeota  are  fint  refnurtuJ  ai  n  convex  nufaee,  Uum 
totally  reflected  at  the  back  o(  the  Iciw.  wtuch  iit  plane,  and  fintUy 
emerg«  tlirough  the  bottom  of  the  lens,  which  bt  ooncavo,  but  with 
a  larger  radius  of  cim-alure  ttuui  Lh«  first  surface.  Tbs  two  nfI•^ 
tionH  produoi  lh«  offvct  of  a  converging  lueosicus.  The  instnaienl 
is  uovr  only  employed  for  purposes  of  amuseineDt. 

1018.  Photographic  Camera. — The  camera  obscura  eupluyed  by 
photographers  (Fig.  7:U)  is  a  box  MN  with  a  tube  AB  b  bnL 
oontaining  an  object-glass  at  iU  oxtrouity.  Th«  objeet-|taa  k 
usually  coDipouad,  oonsistiiif;  of  two  single  lirtUMw  K,  L,  on  arrm^:*- 
mt-ut  whicli  is  very  commonly  adopted  in  optitwl  instrumtsbU,  aal 
which  han  the  advantage  of  giving  the  same  etfeciive  focal  lengtha 
a  ungle  lens  of  smaller  radius  of  cur^'ature,  while  it  penails  lb 
employment  of  a  larger  aperture,  and  ooosoqaently  give*  mot*  BfiU 
At  Q  LI  a  sUde  of  ground  glass,  on  which  the  image  of  tbu  Mm*  b 
be  depicted  is  thrown,  in  setting  the  instrument  The  focuniiif  b 
performed  in  the  hist  place  by  aliding  the  port  M  of  the  \-ok  is  tlw 
part  N,  and  finally  by  the  pinion  T  which  nwrea  the  Inu.  Wba 
the  image  Itas  thm  been  renderiKl  as  shari)  na  paaaibl»,tb«  tauiAmi 
plate  iM  substituted  for  the  ground  glass.' 

'  Ths  photogTiipKio  fjniunw  M  pr«MM  in  an  u*  <my  rmnout,  twU  <f<lB%  ^ 
tbaninll;  i  bat  »r«  all  tb*  m»<  In  piimttjia  with  lb*  ibmIkm]  or%ia»Ilf  <Mffa|«<  If 
lUbcit  Till*  DMthod,  «U«b  a-M  tba<Mt  (orgotlM  dnrinc  Uw  knbi  aaeemt  M  Otf'^ 
«oii«bU  In  fint  obuimng.onk  tna*{iM«at  [laM,a  pictim  wtlti  ti|^lBas<lia*te«r<Wit 
cftllcd  >  ntfotiif;  Uitn  plaoliiK  thb  «poli  »  pIsM  0/ p«f*<r  «Mi«ltl— d  witk  lUiifldi  rf  A« 
anil  <u|>-iiiitjt  It  U<  ths  nm'*  n;L  TIm  Ught  put*  u4  Iba  nis>ti<r«  albv  tto^^k^ 
And  blacken  tho  pitp«r,  thuf  iimcluci^  •  paitln  plctur*.  Ttw  t^ma  m^wWwI* 
prndudiic  k  ;rw(  iiumbur  of  poiltlnA. 

^S  a^allvs  pl&to  ia  onuUy  k  giMi  plaM  oarwvd  witti  a  Aim  of  flltillrii  1«^MM 
«f  ■IfaimiMil.uniituadby  aiklt  d*ilv*r.  Tbolalkotnc  1*  on*  of  tk  wnNNSfeM* 
for  tbli  piv|wnitian.    Tkk* 

Suljiburio  vUlar, 800  ipMsHB 

Alocbal  It  40*. DM 

Oon  ooMMk ft       « 

laootponiv  Amu  lufrt^aiU  Uiuroughl;  in  k  piimUla  mortw  i  Am  mU 

loiUila  of  jwUMiiiai II 

lodlda  of  Mnwumtam,        W)  « 

lodMa  of  oadminm,            .....••.  1 TA   . 

Bmmlih  of  oadmloB, IUft  . 


mfcafcanre  l»  pwinJ  orar  tha  ptota^  whfcfc  b  U»m  hni— ij  la  »  bJMM (U  P**^ 


10S9 

19.  Um  of  Lenses  for  PurpoiH  of  PnyMtloa. — Lenses  srv  extea- 
■JTcly  employed  in  the  lecluni-nxiiu,  for  rciiiliTinfi  expvrimeobi  viitiblt 
to  a  whole  audience  at  oni-<'.  by  (•rojit'titig  tlnini  on  ii  wrecn.  Tbt 
Bmagctm-nU  vary  according  to  tiie  drcuiiLstancM  of  oacii  awe,  and 
cannot  U-  inrhidi^'d  in  a  ;^-noral  description. 

lOSO.  Solar  MicTOfoop«.  Mlgio  LaDtern. — In  Uiu  ttolar  inieroscope,  a 
convex  l<-Da  of  short  focal  tsogth  ii  employed  to  throw  ujion  a  acreec 
a  htghly-magnitied  ima^  »f  aKmnll  oliject  placed  a  littlu  ln'y<'n<I  the 
prineiixil  focus.     An  tlte  intago  in  always  niiich  li-ss  bright  tluui  the 


ject,  and  Ilia  mora  bo  as  the  mngnifictttton  it  greater,  it  ia  nvowary 

the  objfct  should  Iw  vi^ry  hij^hly  illuniinated.   For  this  iitirpuM' 

fie  ntyH  •■'  tlio  nun  arp  directed  upon  it  by  ineana  of  a  mirror  and 

iT;gr  Ions;  tJie  latter  sorving  to  increase  the  RC^id  angle  of  thf  cone 

mya  wliicti  fall  u|>on  the  object,  and  thtts  to  enable  a  larger  por- 

of  the  magnifying  lena  to  be  utilised.    The  otgi'cts  mn^^tiiftts] 

I  alwB^-s  tmnaparent:  and  the  imagea  ant  formed  by  nys  which 

Lve  been  traiuiinitted  through  tlutio. 

(I  ol  DitniU  ti  tOnr,    Hw  flM  «l  MUodlna  b  tttm  tiR-ugtil  to  h  of^  Ual,  Mid  Iha 
,  alUt  Mat  aUnoMl  to  dialn,  b  nmI;  for  «i|uiin  In  Um  a»i»ir». 

,  Afhr  iNlng  «|>MrA  th>  pMun  b  AnJi^  b7  ii»  .ppllMliM  «f  ■  UiuU  IM  whbk  lb* 
;  b  ■  forMuU: 

DUminl  wbU*. 9M  gMMMM^ 

PynvUUo  ■dd, 1 

Co^uUiMUt  MMtki  wUL 93       « 

kan  tliii  pMdM  b  watbckMiy  dottJaped,  K  b  ^al<  bjr  fhm  iff  iIImUuii  nt  •  *oluliMw 
'  ol  hrixmll'litt*  <4  Mdk  horn  IS  to  SO  ftt  cant  Aran^  or  «it  cjanlib  el  yaiamtum 
tf  par  cant  almac  aiiil  tha  lu^aUva  b  OiBiplrtML 

To  ofatoln  >  piMttl**.  Ua  nagatlv*  pbto  b  bU  gpsa  k  alMal «(  paper  In  a  (Um  dbK  lb* 

p  IwriBK  Immi  »»uMkiBi\  Ytj  tnwwnlaf  (I  Bnt  In  ■  arinllM  «l  omMon  am  lall  >  «r  4 

raMtaU«n([,Mid  lbaBfB*aelMtinBc<niti>lai<<flt«r  l>|iMowt  atiung.   T^aaipa— ■ 

l««Btlaiwd  lill  till  toaa  b  MtffleUntljr  ilacf^  Ik  tlnl  b  tluB  fanf««Md  by  iiiaani  irf  a  Mil 

'  faU,  uid  tha  rtotwra  b  «Md  t^  hypMulildU  ol  aadk    II  hu  Uwn  (ait]r  to  ba  wtohatl 

I  drfod.-/'. 


1030 


LEtrsKtt. 


The  lens  employed  for  produciiti;  the  imag»  is  nsnally  eomp 
oomistiag  of  n  oonv«x  and  a  concave  lena  comUiMd. 

The  electric  light  can  be  employed  instekd  of  the  aon.  Th 
apparatus  for  regulating  this  light  ia  usually  placed  within  a  lant«n 
(Fig.  7Sli),  in  such  »  jHisitJon  that  t)ie  light  ts  at  tltn  a-ntre  at  eur» 


turc  of  a  splicnoal  tiiinror,  so  tliat  tJie  iuvvrt«d  itnagt  of  tbtl 
otuDcidcs  with  the  light  itself.  The  tight  ia  onDoeatmai  on  & 
object  by  a  ayatem  of  lennea,  and,  after  poHlng  thcottg^  the  olpi 
traverses  another  system  of  lemes,  placed  atsuofa  a  dJstuiM  boa  Ai 
object  as  to  throw  a  highly-mognilied  image  of  it  OQ  a  aerwa.  IV 
whole  arrangDmo&t  ia  called  tb«  eUetric  or  photo-tUctrie  miu'mmf 
The  moji^c  lantern  ia  a  rougher  ioatrutnent  of  the  mbi  Uii 
employed  for  projecting  iiLagnitied  imagoit  of  tnuwparant  p^aUiQ- 
executed  on  glass  aiidea.  It  hna  one  lens  for  amvuruioK  a  hmm  i 
light  on  the  slide,  and  another  for  throwing  an  ima^  of  tba  i 
the  screen.    In  all  tliiase  cases  the  image  ts  inverted. 


m 


CHAPTER   LXXI. 


TMtOX   AND  OPTICAI,  IKKntOMKKT& 


lOSL  DeaeriptioD  of  tbe  Eye.— llw  human  oye,  (Kg.7S4>  In  a  iwwly 
qjlifrical  liall,  ca])ul>lv  of  turning  in  any  ilin-ctiuik  in  ita  iM>ck«t.  It* 
DUtormost  coat  is  thick  iind  horny,  anil  i»  upcuiuo  ttxoopt  in  ita 


na.Tu-RiuBMiRT« 


I 


iterior  portion.  Ifai  opa/)ue  jioTUon  H  ts  colJed  the  »elerotica,  or 
in  common  language  tho  white  of  the  eye.  Its  tnnsp&rent  portion  A 
IB  called  tbe  cornea,  and  has  the  shape  of  a  very  cont*ox  watcfa-glaan. 
Bahind  tbe  oornc*  is  a  diaphragm  D,  o£  annular  form,  mlled  the  iru. 
It  i>  oolourad  and  opaque,  and  tho  circular  apvrturv  0  in  its  centre 
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is  called  Uio  pVpU.  By  the  action  of  the  involunuuy  tnuadw  «( I 
iiu,  this  aperture  is  enkirged  or  contracted  on  vxpoAure  lo  < 
or  light.  The  colour  of  the  irb  is  what  is  referred  to  whon  wa  ^<ak 
o£  the  colour  of  a  person's  eyee.  Behind  the  pupil  \s  the  cryitaJKw 
lens  E,  which  has  greater  convoxHy  at  back  than  iii  front.  It  is  bofli 
up  of  kycix  or  ahells,  iucreaiMng  io  dcosi^  inwards,  the  outcrswat 
shell  having  ncftrly  the  same  index  of  refraction  as  the  tueiUa  inenh 
tact  witli  it;  an  arrangement  whidi  UiihU  tu  prevent  the  kwuf  \ 
by  reflection.  The  cavity  B  between  tlie  cornea  and  the  i 
called  the  anterior  chamber,  and  is  tilled  ivith  a  water)*  Ui}uid  i 
the  aqueous  humour.  The  much  larger  cavity  L,  buhiitd  Uir  i 
line,  is  called  the  posterior  chamber,  and  is  Blled  with 
jelly  called  the  vitreowt  Aiunour,  inclosed  in  a  ver>-  tliin  tr 
meubrane  (tlie  hyaltdd  membmoe).  The  posterior  cltatul 
inclosed,  except  in  front,  by  the  ehoroid  eoat  or  uvea  I,  whtob  a 
saturated  with  an  intensely  black  and  optuiue  mucus,  ealliil  tbf 
jngmentum  nigrum.  The  choroid  is  lined,  except  in  it«  aaknar 
portion,  with  another  membrane  K,  called  tlio  rL'Ciita,  whiiA  ii 
travoraed  by  a  ramified  system  of  nerve  Blamenta  divtti;gitij{  bin 
the  optic  uervu  &£.  Light  mctdcnt  on  tJie  retina  give*  riM  to  tU 
sensation  of  vision;  and  there  is  no  other  part  of  the  ey«  >fciA 
possesses  this  property. 

1088.  The  Eye  aa  an  Optical  iBstrament. — It  is  elo*r,  btm  tfati 
deficription,  that  a  pencil  of  rays  entering  the  eye  from  as  ' 
point  will  undergo  a  seriee  of  rofnuitioiu,  finit  nt  the  anterior  i 
of  the  comea,  and  afterwards  in  the  succ«Mttve  layen  of  tbs  i 
lino  lens,  all  tending  to  render  tliem  convergent  (see  (able  of  iidiM 
§  986).  A  real  and  inverted  image  is  thus  fonoed  of  uxy  tammi 
object  to  which  the  eye  is  directed.  U  this  image  falls  en  ths  ntiaa. 
the  object  is  seen;  and  if  thi>  ituage  thus  formed  on  the  ntiu  * 
sharp  and  sufficiently  luminous,  the  object  ia  seen  distinctly. 

10S9.  AdapUtion  to  OiffBreat  Distasees. — A«  the  diatenet  otj 
image  from  a  Ii-ilh  vai-iuH  with  the  distance  of  the  object,  it 
only  be  possible  to  see  objects  dbtinctly  at  one  pnrticular  i 
wei-e  there  not  special  means  of  adaptation  in  the  <^ 
whose  sight  is  not  dcfei-'tivo  can  see  objocte  in  good  ^TflnJtin  **  ** 
distances  exceeding  a  certain  limit.  When  we  wiah  to  tirwi*—  tht 
I  minute  details  of  an  object  to  the  grsoteet  advantaf^v,  we  ball  a 
at  a  particular  dbtaucc,  whicli  varies  in  different  individnala  Mid 
averagea  about  eight  ittclies.    As  we  more  it  further  awiqr. « 


DAPTATIOK  Of  TUE  KY%  TO  DIBTAHCK. 
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exiH-ricnc«  nitlior  inuro  uaiw  in  looking  ut  it,  though  tim  dtitiinutton 
of  its  ap[)arent  »ixe,  sm  taeastured  by  the  viaukl  ooglo,  rvudon  ito 
uinuter  featunss  leets  viiuble.  On  the  other  hand,  when  we  hrtng  it 
nearer  to  the  eye  Hiaa  Uie  distance  which  givoo  the  best  view,  we 
csnnnt  »c«  it  distinctly  without  more  or  leas  effort  and  sense  of  stmin ; 
luiil  whvn  wf  hav«  brought  it  oearer  than  a  cctUliu  lowur  limit 
(an-THgiug  about  six  indies),  wu  find  distinct  viiiion  oo  longer  pcw- 
«il>l&  In  looking  at  very  distant  obj«cb<,  if  our  vision  is  not  defec- 
tive, we  havo  very  litlli'  M'ttte  of  ellWt.  TIicm  plieoomona  are  iu 
aooordance  with  the  theory  of  lenses,  which  shows  tliat  when  tlie 
ilistance  of  on  object  U  a  laiye  multiple  of  the  focal  length  of  th*: 
lens,  any  futther  increade,  even  up  to  infinity,  scarcely  alters  the 
distance  of  the  image;  but  that,  when  tlie  object  is  oomparstively 
Doar,  the  ofliset  of  any  ehaoge  of  its  distann  is  oonsidoimUo.  There 
has  bcsn  maeh  discuiieioa  among  physiologists  as  to  tlie  pnoiso  nature 
(if  the  clttuigm  by  which  we  adapt  our  eyes  to  distinct  vision  at 
ditferent  distances.  Such  adaptation  might  oonsiBt  either  in  a  change 
of  focal  length,  or  in  a  change  of  distaiHse  of  the  retina.  Oboervo- 
tiona  in  which  the  aye  of  the  patient  is  made  to  serve  as  a  mirror, 
f^viiii;  tmagci)  by  roHection  nt  the  front  of  the  comca,  and  at  the 
fruiit  and  back  of  the  crystalline,  have  shown  that  the  convexity  of 
thy  front  of  the  crystalline  is  matt'rially  changed  as  the  pBli<-nt  adapta 
hi«  vvi"  to  noar  or  remote  vi^ou,  the  convexity  being  groatmt  for 
near  vviiun.  This  increase  of  convex!^  corre^Minda  to  a  shortcail^f 
of  focal  length,  and  is  thus  consbtent  with  theory. 

1084.  BinMolar  Vision.— The  difficulty  which  some  iwrsons  have 
felt  ill  reconciling  tliu  fact  of  an  invcrlud  iiiiat;Q  on  tlte  retina  witli 
the  peroeptioD  of  an  object  in  its  true  position,  is  altogether  fanciful, 
and  arisM  from  confused  nutidns  as  to  tlte  nature  of  perception. 

The  i|ocatJon  sa  to  how  it  ia  lliat  we  see  objects  siiigte  with  two 
l^yes,  renta  upon  a  different  footing,  ami  is  not  to  be  altogether  ex> 
lilaincd  by  habot  and  aasociatJon.*  To  each  point  in  the  retina  of  one 
eye  there  is  a  eomtponding  point,  eimilarly  situated,  in  tlte  other. 
An  inpreasion  produced  on  one  of  these  points  is,  in  ordinary'  dr- 
enmstoncos.  undistinguishablo  from  a  similar  impression  produosd  on 
the  other,  and  when  botlt  at  once  are  similarly  impressed,  the  effoet 
is  simply  more  intense  tluin  if  one  wen  Improned  alonei  or,  to 
doscribo  the  same  phenomena  subjoctiTely,  wc  have  only  one  Held 


gl*n  ol  II,  tfaa  EdkM  b  If  wiMa 


bam  Boob  dabatod.    Tor  tb«  aocuoM  bo* 
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of  view  for  our  two  eyea,  and  in  any  part  of  this  fl«ld  of  vUm  we  m 
either  one  image,  brighter  than  we  should  acn  it  by  am  ■loiw.or  (Im 
wc  nee  two  overlapping  tmagw.    This  latt«r  pheaoatMtOB  an  bi 
readily  illustrated  by  holding  up  a  finger  betweeo  one's  eyi»  lad  t 
wall,  and  looking  at  tlie  wall.     We  iihall  se«.  as  it  were,  two  tnn*- 
parent  fiugcni   projocCe*]  on  the  wall.     One  of   theM  tniii|iamt 
fingers  is  in  fact  aevn  by  the  right  eye,  and  th«  othor  by  the  lijt,bai 
our  viiiuhl  :4en.<)ationA  do  not  directly  inform  us  which  of  tbem  »  mm 
by  tbo  right  eye,  and  which  by  the  left. 

Th«  prindpal  advantage  of  ha\ing  two  eyea  is  in  the  sitiniatks 
of  distance,  and  the  perception  of  relief.  In  order  to  aoe  a  pdiil  m 
single  by  two  eyi's,  wo  muat  make  lU  two  images  fall  oa  mnwpwrf- 
ing  points  of  Uio  retinu;  and  this  implies  a  greater  or  Ic 
ODoe  of  the  optic  axen  according  a^t  Uie  ohji-fH;  is  noonr  or  man ) 
W«  ar«  thus  fumLihed  with  a  direct  indication  of  the  dIataDM  of  (ht 
object  from  our  eyes;  and  this  incUcation  ia  much  mora  | 
tliiit  derived  from  the  adjustment  of  their  focal  length. 

In  judging  of  the  oomparalivi:  diatAncoe  of  two  ptnoU  ' 
nearly  in  the  same  diructiou,  we  are  greatly  aided  by  tha  ; 
displacement  which  occurs  when  we  change  our  own  positji 

We  can  also  form  an  eAtitoate  of  the  neanums  of  an  objwltl 
the  amount  of  change  in  its  apparent  size,  contour,  and  bw^  | 
doced  by  shifting  our  position.    ThU  would  sneni  to  be  tb«  i 
means  by  wluch  very  young   animals  caii  diatingut>h  mwr 
remote  objecta. 

1025.  Stereoscope. — The  perception  of  raU«F  is  elosdy 
with  the  doubli'nL-ss  uf  vision  which  occurs  whttn  tha  u 
corresponding  portions  of  the  two  retime  are  not  Himilar.  In  i 
ing  an  objiwt  we  run  our  eyes  rapidly  over  its  aurfaoa-,  in  imcban; 
as  alwajit  lo  attain  single  vision  of  tlio  particular  point  to  whiekev 
attention  is  for  the  instant  diroctod.  We  at  the  sams  tims  iioit 
a  somewhat  indistinct  improeaion  of  nil  the  points  within  tntt^ 
of  v)«w;  on  impression  which,  when  cumfuily  analysed,  is  I 
involve  a  large  amount  of  doublenfss.  These  varlooa  ln[ 
combine  to  give  tta  the  perception  of  relief;  that  is  to  say,  of 
tn  three  dimenticTta. 

The  pereeption  of  relief  in  binocular  vision  ts  adniirably  illi 
by  tlio  st«reoac<^ie,  an  instrument  which  was  invented  by 
and  rcduce<l  to  its  present  moru  oonvrnient  form  by  Brvi 
Bguras  are  diawn,  as  in  Fig.  735.  being  petspoctiva 


nVMOBCOPK. 

tiifl  Mme  object  from  two  neighbouring  points  of  view,  sueh  u  might 
be  ocGUpivil  hj  the  two  eyca  in  loukinf;  at  tbu  object.  Thun  if  the 
object  bo  a  cubo,  tlto  right  vyo  will  havu  a  fuller  vi«w  of  the  right 


•  •  •      • 

•  •  •      • 

•  •  •      • 


nc  TM. '  «Una»|M  rWUmi 


lie  nft-SMcwHMpK 


ris  nr,— fMb  al  Saj*  1«  ttmoMtit, 


e,  and  the  left  eye  of  the  left  face.  The  two  pictures  ore  placed 
Id  the  ri^ht  and  luft  eotnpartmcnta  of  a  box,  whidi  lum  a  paititJoo 
ilown  tliQ  ccutrv  nnrving  to  iiuora  that  each  oje  tball  iteo  only  the 
picture  inU-mtiNl  for  it;  and  over  eftdi  of  the  oompartmonta  a  half- 
tetui  is  tixcd,  HciA'ing,  an  in  Fig.  737.  not  only  to  magnify  tlio  picture. 
but  at  the  same  time  to  displace  it,  so  tliat  the  two  virtual  images 
mro  brought  into  approxiiualo  ooinciduuco.  Sterooscopic  pictures 
usually  photogTaplui  obtained  by  nM>anii  of  a  double  euiwm, 
kving  two  ubJMtiws,  one  bewdo  the  otlier,  which  play  the  part 
two  eyes. 

When  matters  are  properly  arranged,  tlie  obeerver  Menu  to  Ha 
object  in  relief.    He  6nds  himself  able  to  obtain  singln  view  of 
liy  one  point  of  thcsoliil  image  which  is  before  him;  and  the  adjust- 
its  of  the  optic  axes  wbi<Ji  lie  linds  it  neoeaaary  to  make. in  ahtfi- 
hls  view  from  one  point  of  it  to  another,  are  oxocUy  such  as 
woald  be  required  in  looking  at  n  nolid  objccL 

When  one  conipartinent  of  tlie  ntereoeoope  is  empty,  and  tfan  other 
contains  an  object,  nn  otiecrvor,  of  normal  viskm,  looking  in  in  the 
onlinaty  way,  is  unitl>I(<  to  say  which  eye  Moa  the  otgect  If  two 
pictures  are  combined,  conniHting  of  two  equal  circles,  one  of  them 


10^ 


T1STON  AND  orncAL  INSTRUlUCrre. 


having  a  cross  in  its  centre,  and  the  oth«r  not,  he  is  unabl«  to 
whftlKT  h«  (tecs  tiie  cross  with  one  eye  or  lioth. 

\\nten  two  entirely  diasimilar  pictures  are  placed  in  tlte  two 
parlmont^,  they  oompet«  for  niaatery,  each  of  thorn  in  turn 
more  conspicuous  thun  th«  other,  in  spite  of  any  efforte  w 
olmcrver  nin.y  make  to  Uie  contrary.  A  similar  Huctualiun  will 
observed  on  looking  steadily  at  a  r«al  object  which  is  partially  hii 
from  one  eye  by  an  iatcrvening  object  Thu*  tcndoncj-  to  altmak 
propondcranoo  renders  it  well  nigh  impossible  to  combioi-  twueoloaD 
by  placing  ono  under  each  eye  in  the  Htercoiieope. 

The  inimvdiati!  visual  imprvauon,  when  w«  look  either  at  a 
solid  object,  or  at  the  apparently  aoUd  object  fortnod  by 
oombining  a  piur  of  stereoeoopic  views,  ia  a  Hiiigle  pictaro  fumad 
(wo  slightly  different  pictures  superimpoaed  ujmu  cacIi  dQuo. 
ootncidenco  becomes  exact  at  any  point  to  which  attention  ia 
and  to  whicli  the  optic  axes  are  accordingly  made  to  jxuprerft,  hot  Si 
the  greater  part  of  the  combined  picture  thoro  ia  a  want  of  nit 
ddenoe,  which  can  easily  bo  detected  by  a  oullat«ral  sjuniK 
attention.  The  ductuatioa  above  daecnb«d  to  aotue  flxtcat  tnaiiti 
conceal  this  doublc-nvea;  and  in  looking  at  a  real  aoUd  otgMtdt 
conecalmont  is  further  amisted  by  the  blurriuj;  of  partawliMiMt 
out  of  focun. 

1036.  Visual  Angle.  Kiynlfyiag  Power.— The  angle  wUdiagiM 
straight  line  stibtetids  at  the  eye  is  called  its  vivuat  anjflaarl)* 
av^U  under  which  it  is  aeen.  This  angle  ia  the  mea«ij*  «t  ir 
lon;^h  oF  the  image  of  the  strught  line  on  the  retina.  Tvote 
at  ditferent  distanooB  from  Uic  oyti.  are  said  to  have  tlw  wbi  f* 
parent  sice,  if  their  diainetcn  are  Men  under  equal  aogtv.  Tbt 
the  condition  that  the  nearer  disc,  if  interposed  between  tb  f** 
and  the  remoter  disc,  should  be  just  large  enough  to  ouncetl  il  b* 
view. 

The  anj^le  under  which  a  given  line  is  seen,  evidently  (U|MDk>* 
only  on  \ts  real  lengtli.ond  the  direction  in  which  it  paiali,Wi^ 
on  its  diHtance  from  the  eye;  and  varies,  in  the  caat  of  «mB  dMt 
angles,  in  the  inverse  ratio  of  this  distance.  The  aj:pamt  Ut^i 
a  straight  lino  may  be  regarded  as  measured  by  tb«  nnal  u^ 
which  it  subtends. 

By  Uie  magnifying  power  of  an  optical  instmmvat.  i»  cm^ 
meant  the  ratio  in  which  it  increaBW  apparent  UmjiSm  ia  tlat  ■*' 
In  Uie  ca«e  of  tvleaco[itis,  tlie  comparison  is  botweea  an  o^mI* 
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Men  in  th«  U'IfMoope,  ati<l  thv  niiii«  object  u  seen  with  the  naknd 
vye  fti  iU  acttiul  dintAnce.  In  tlic  auw  of  iiiicrosco[>c8,  the  eam^ri' 
MO  in  between  the  object  as  seen  io  the  iiutniim-nt,  nnil  tlic  saino 
object  as  Been  by  the  nAked  eye  at  the  lea.it  distance  of  dinUnct 
viHion,  which  is  mually  assumed  as  10  inches. 

But  two  discs,  whon«  diaaieters  aubtcmd  Lbo  saino  angle  at  tlio  eye, 
tnny  W  «aid  to  have  the  mxat  apparent  area;  sn<t  since  the  anas 
at  aiioilar  fi^rm  arc  lu  the  squares  of  Iheir  linear  diutvosions,  it  ia 
•vidcnt  thai  thn  ap)>aruot  area  of  an  olyect  variei  as  tlie  square  of 
the  vi.tual  angle  subt«nile<l  by  ttn  dtaiaeter.  Tho  nuinlwr  cix[>rvwing 
maiinijxcattirn  of  apparent  arta  is  therefore  the  !iiiuar<'  of  the  mag- 
nifying powor  as  above  deBned.  Frequently,  in  order  to  show  that 
the  comparisoa  is  not  between  apparent  aieaa,  but  between  apparent 
lengths,  an  instrument  is  said  to  nugnify  so  many  diavielen.  If 
tlia  dmm<^U!^  of  a  sphi^i-e  subtends  1*  an  M.'cn  by  tht-  tiAk<>d  eye,  and 
IO"  as  aeea  in  a  telescope,  the  telescope  ia  said  to  have  a  magnifying 
power  of  10  diameters.  The  superficial  magnification  in  this  case  is 
evidently  100. 

The  apparent  lengtli  and  apparent  area  of  an  object  are  respect- 
ively proportional  to  the  Iciigtlt  and  area  of  ita  iua^e  on  tlie 
retina. 

Ap)ian>ut  length  is  measured  by  tJie  plane  angle,  and  apjiaront 
area  by  the  solid  angle,  which  an  object  subtends  at  tlie  ey& 

1027.  Spoetaelea. — S|>e<:tacle8  are  of  two  kinds,  intended  to  remedy 
two  (^pnaite  defects  of  vision.  Short-aightod  ponons  can  see  objects 
distinctly  tX  a  sinallor  distance  than  ponons  whoae  visioo  is  normal; 
but  always  see  <liHtant  objects  confused.  On  the  other  hand,  persooN 
wboM  vinion  is  normal  in  their  youth,  usually  become  over-sighted 
with  advancing  years,  so  that,  while  they  can  still  adjuiit  their  eyes 
eorreetly  for  distant  vision,  objects  as  near  as  10  or  12  inches  always 
appear  blurred.  Spectacles  tor  overnighted  penu>ns  are  convex,  and 
should  be  of  such  focal  length,  tJiat,  when  an  object  is  held  at  aknut 
10  inclR-s  distance,  its  virtual  imagu  is  formed  at  the  nearest  distance 
of  distinct  vision  for  the  person  who  ia  to  nae  tbem.  This  lattor 
diNtAiicv  muHt  ho  asoort^ncd  by  trial.  Call  it  p  inches;  then,  by 
§  tU12,  tlie  formula  for  oompuUng  th«  rwitiired  focal  longth  c  (io 
iDches)  is 


10' 


For  example,  if  IS  inches  ia  the  nearest  dintonce  at  whidi  the  penoo 
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can  oonvemL>ntly  read  without  KpMtacles,  Uie  focal  lengfb  nqi 
ia  30  iiidics. 

Id  Fig.  738,  A  raprteeots  Uie  posittoa  of  a  snuU  objact,  and  i 
that  of  itA  virtual  inmgu  on  aean  with  itpccUclw  of  tJiu  kind. 

Os'er-aiglit  is  uot  ihi!  onl^T  dufccc  which  the  eye  in  luvhlc  ki  i 


rtc.  IK  -S^pMticlrglaa  lor  Onrwihttd  Im 


by  a{^,  but  it  is  ih«  dofoct  which  ordinary  spectacles  ttn  < 
to  remedy. 

SpvctacW  for  8hort-»ghted   [arsons  are  concave,  and  tli« . 


ni.  m  -at^udf^ut  tnr  «taM.«itiii«i  Rr> 


letij^  which  they  ought  to  havo,  if  designed  for 
computed  by  the  formula 


t 
? 


1 

P 


p  denotiog  thu  nearest  distauoo  at  which  Ui«  pe»oD  cao  pmA^ 
tlic  focal  lengt}),  both  in  inch«a.     If  his  ffreateet  distaim  of 
vision  exci'«(Li  the  focal  length,  he  will  bo  able,  by  mcam  <i  ^ 
.ipcctaclcs,  to  obtain  distinct  vision  of  objtKta  at  all  dintaBOA 
10  inches  upwards. 
1028.  Simple  Magnifier. — A  maij^iifyin^  glam  U  a  ooavei  b 
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iborter  focal  Icnf^h  lliui  iiw  liuinan  cyu.  aii'l  ih  pliic«(l  »t  &  rlUuiice 

•otnewlwt  K^^  tliui  iu  focd  koglb  frotu  ibu  ut<j«ct  to  bv  viewed. 

In  Fig.  740.  ab  is  th« 

olijtMrtv  ui(l  A  B  the 

virluai  iinogiQ  whidi 

is  aoen   by   th«  oje 

K.    The  coiiHtructioii 

which  we  have  eoi- 

I»loyod   for  druwinp 

the    iioagt    u    one 

which  we  h&vu  8uvi>> 

nl  timcA  u»v<l  before.    Throuf;h  tlio  point  a,  Uie  Uh  aii  i»  tlmwii 

parallel  b>  the  principal  axiit.    F  M  Ih  thi-n  dmwn  from  Uie  principal 

focus  P;Oa  ia  drawn  from  Uiu  optical  ovnlreO;  and -these  two  lines 

are  producud  till  tliey  meet  in  A. 

l>Utan4sa  o/  Una  /nm  object.  In  order  that  the  image  may  be 
properly  aoen,  its  distuice  from  the  eye  must  fall  between  Ute  Umita 
of  distinct  vision;  and  in  order  Uiat  it  may  be  ocvn  undur  the  laiguat 
poniblo  viHual  angle,  the  eye  mtut  be  duso  to  the  lena,  and  the 
object  mu&t  be  as  near  as  is  compatible  with  distinct  vision.  Thi^ 
and  other  interesting  properties  are  e«itabliiilied  by  the  following 
investigation : — 

Let  9  dunot«  the  vi«ual  angle  under  which  the  observer  son  the 
imaguuf  Uic  portion  a c  of  the  oKJL^t.  Abo  WtxdoDOto  the  distance 
«0  of  the  object  from  tti«  Itin-t,  and  ;/  the  distance  O  K  of  the  Ivna 
Ifoiii  the  eyet    Then  we  liave 

bat,  by  formatKi  {10)  and  (1 1)  of  last  cha|rt«r,  wo  have 
M.O^*«J~y  OOsM.J—. 

Suhttitutiog  these  values  for  A  C  and  C  O.  and  rcdndng,  we  have 

This  equation  ahows  that,  for  a  j^ven  lens  and  a  given  object,  the 
visual  angle  varies  inversely  as  the  quantity  {iB+y)/~^ 
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The  following  pracUcal  cottiequeocss  are  easily  (irawn: — 

(1)  If  th«  dUtati«6  x+y  of  the  eye  from  tlie  object  h  given,' 
visual  angle  increaaes  as  the  two  difltancea  x.  y  approach  eqoli^. 
Bod  ia  not  altered  by  interchanging  tbem. 

(2)  If  ono  of  the  two  distances  ;c,  jr  be  given,  and  be  Inas  tbu  /. 
the  other  must  bo  mado  as  small  as  possible,  if  vrc  wish  to  obtsis 
the  largest  possible  vinual  angle. 

To  obtain  tlie  absolute  maxiinuoi  of  visual  angli>.  Wf  miut 
from  the  various  poailions  which  loalce  C  K  ch|U4U  to  tba 
duttance  of  distinct  vision,  that  which  gives  the  lor^rTfit  valoa  of  i.C 
since  the  quotient  of  A  C  by  C  E  is  the  tangent  of  the  vianal  $a^ 
Now  AC  increasM  as  thft  imago  moves  further  from  the  hnasal 
heuct^'  thu  absolute  niaxiitium  is  obtained  by  making  its  >: 
from  tl)«  leiu  equal  to  the  nearest  diataiicc  of  distinct  viaii 
making  the  eye  oome  up  cloae  to  the  lens,    bi  this  cas«  tbs 

p  of  the  objvet  from  the  lens  is  given  by  the  (M|uiUioo   -  -  is* 

where  D  denotes  the  nearest  dbtaiice  of  distinct  vision;  and  ualk 

^ora6(7+g).    But  the  greatest  angle  under  which  the  bodyw* 

be  seen  by  the  naked  eye  i»  the  angle  whose  tangent  is  ^;  bowf  Ar 

visual  angle  (or  its  tangent)  is  increaiHid  by  the  lens  iu  llw  eiI» 

1  *f,  which  is  called  the  magnifying  pt>w«r.     If  the  olgecl  wta  • 

the  principitl  focua.  and  tha  eye  dm  b 

th«  l«n.H,  the  magnifying  power  vnnU  br 

In  eitlier  case,  the  thicknew  of  Ik*  ba 
being  neglwtod,  the  visual  angle  b  t^M|V 
whidi  the  ubju«t  subtends  at  theonM^ 
the  lens,  and  therefore  varies  {avtoJf* 
tlio  diitnnce  of  this  oi>ntr«  from  thtcl^ 
For  IciuKM  of  stuall  focal  length,  ths 
rocal  of  the  focal  length  n»y  b* 
.as  proportional  to  Um  nia^ntfyii^  pjw 

Simpiti  }ficroacop«. — By  a  aimpU  •«*■ 

sco;>e  is  usually  andemtui>d  a  lew  ><  i^ 

foculU-ngtbmounted  in  a  manner  oooniM 

for  the  examination  of  smnll  olijvcts.     Fig.  741  repreeeole  an  fattt** 

ment  of  this  kind.    Tliclen.'^  J  ■»  mountrd  in  l>r«ati.andaafoidtftk* 

endofanarm.  It  israisedand  towered  by  tumin^thcmiUodbiit 


P)C  741,— Mrapl*  MioroMCpe. 
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which  acto  on  tfae  ndk  a.  C  is  tho  ]ilatfonn  oo  which  thti  object  ia 
huil,  Mut  M  is  •  oonenv«  mirror,  which  can  bo  uioployetl  lur  incrvafi- 
iug  th«  illuminaUon  of  the  obJLict. 

1029.  Coaponnd  HieroMOpe. — In  the 
oooipoand  roicroHcope.  tJiere  ia  one  len« 
which  forma  a  real  and  gn«Uy  enlargnl 
iuin<{v  of  thv  obj«cli  ami  tliis  iina}^  is 
itMfU  magnitiiMl  by  viuwin^  it  through 
aaotliar  Isna. 

In  Fig.  7*2,  abinHiv  object,  O  vt  the 
flnt  \cnn,  called  tltc  ifbffclnv,  and  in 
plact^d  at  a  dutance  only  slightly  ex- 
oeedl&g  itA  focal  li^ngth  from  the  object; 
an  inverted  image  a,  b,  ia  thus  foniie>l 
at  a  much  ):rrcaler  dmtanee  on  the  oUii<r 
Rtdu  of  thr  It-nK.and  pn^irtionally  larjj^i-r. 
O'  In  the  SDOond  Icum,  callctl  thi<  ocuUtr 
or  etfit-piec$,  which  It  plao-tl  at  a'diH- 
tanire  a  little  luw  tlinn  itM  focal  lengtli 
from  the  firat  iiiia;2:e  it,  &,,  and  thnu  form> 
an  onUrMd  virtual  imn;;e  of  it  A  B,  at 
ft  ooavenioot  distance  for  distinct  viHion. 

If  wi*  Hup[>oM  the  final  image  A  K  to  Ut  at  the  loANt  dutance  of 
diMtiitct  vision  from  Uh>  eye  plaood  at  O'  (thU  being  tli«  armngcn>cnt 
which  gives  the  largnt  vtiiua)  angle),  the  magnifying  power  will  Iw 
cimply  tlie  ratio  of  the  length  of  tJiia  image  to  that  of  the  object  ab, 
and  will  lie  the  product  of  tlic  two  factont "  ^  and  "^j".  The  former 
in  the  ntagnitieatioit  pruduood  by  the  eye^pieoe,  and  ia.  aa  wo  have 
jUHt  shown  <g  lOStt).  l  +  y.  The  other  factor  "^  is  the  magniHcatJon 
produced  by  Uie  objective,  and  is  equal  to  the  ratio  of  the  diirtaooM 
>-^.  If  the  objective  ia  taken  out,  and  replaced  by  anathor  of 
difr«Ti-nt  focal  length,  the  readju.'itiuent  will  ooiuifit  in  altering  the 
distance  Oa,  leaving  the  distance  Oa,  uueluingeil.  Tito  total  uagi^- 
ficalion  th<>n-fore  varii-tt  inversely  as  O  a,  that  ia.  nearly  in  tlie  invanw 
ratio  of  the  focal  length  of  the  objective.  (_kimpt>und  microacoptia 
are  usually  pro\-ided  witli  Mveral  objectivea,  of  various  focal  leDgtba. 
from  which  tlie  obaervcir  makes  u  nelection  according  to  the  magni- 
fyiac  power  whicli  bo  requires  for  the  objiKt  to  bo  oxamiiied.  The 
powers  most  nsod  range  from  W  to  350  diaiuetars. 


r=" 


1044 


VISION   AND  OPTICAL   IKSTRtmENTa. 


thiA  adjiiatiiient     The  TBye  from  the  higbcHt   point  of  tiiB 
emerge  from  the  eje-pieco  aa  a  pencil  diverging  from  A':  aud  tbtl 
from  the  lowest  point  of  the  objuct  form  a  pencil  divergiug  fnn 
Ma^iljication. — The  aitglu  uudvr  whirli  the  object  would  b* 
bj  th«  uaktid  cyvisuOfr;  for  tliu  rays  uO,6  0,  if  pntdaood, 
puB  through  its  extremiti«s.    Th«  angle  under  which  it  b 
the  tolcAcopo,  if  the  eye  bti  close  to  the  eye-lens,  is  A'  O*  B'  or  *ffl 

The  mognificatiou  is  therefore  ^,jj,  which  U  approximately 

aamo  as  tliv  ratio  of  the  dista»oo«  of  the  inia^c  ah  from  thv  twu 

—^     If  the  eye-tube  ia  so  adjusted  aM  to  tliruw  the  imago  A'B  I 

infinite  distauci;,  F  will  Im:  the  principal  focub  of  both  l<)MM,iiJ 
tho  magiiifiin.lion  is  the  tMiiy  of  Um;  foval  k-ngth  of  tliw  obJMlflM 

Ui  that  of  the  fyt-poa 

If    the   eyv-tghr 

I>uHlie()  inn  fara 

('oin[)Atible    rith  ^ 

tiuct   viaioa  (tLr  tn 

I  •olng  doM  to  lh«  bMi 

thi>    magnificitMii  > 

^Tcat^r  than  tbHalk 


IIU-IO 


D«/ 


fUi  Jti— Mnuuicuitalot  Wi*iil(]l"E  I'.'t.' 


the  n««roit  diMH*^ 
disiiaet  visiua,  i^tf 
the  foaUkntrlbrfAi 
oyv-pieoob 

Th«  iiiiiiiifaii* 
aui  be  dimd/  ^ 
served  by  looking  with  one  eye  through  the  tnleaoopo  at  •  toA 
wall,  while  the  other  eye  is  kept  opon.  The  imagv  will  ^  ^ 
superimposed  on  the  actual  wall,  and  we  have  only  to  obwwt^ 
many  courses  of  tbe  latter  coincide  with  a  single  ami*  '  4> 
magnified  imagei 

If  Uie  telewojie  i»  large,  lU  tube  may  pn^vcnt  the  ■mniil  tjf  ^ 
Aeeing  the  wall,  and  it  may  be  neoeagary  lo  emplny  a  tdit'i 
arnngenieiit,  as  in  Fig.  745,  analogous  to  thmk  deacribed  ia  •■■^ 
tion  witli  the  microscupe. 

Tt!l<HKoi>v)t  without  slMtd*  seldom  maf^iify  man  than  ahait  tf 
diameters.     Powers  of  front  20  to  60  nn>  common  to  t^rtp*  ^ 


THE  BklOlIT  SI-OT. 


1045 


Kt*ad«.  int«n<Jod  for  tvrTT^-^trial  purpum-a  llie  powers  cKieHy  em- 
(lioyetl  in  iwt  roil  oil)  icol  olncniUiuu  aru  from  100  to  500. 

MetAanieal  Arrangements. — Tlio  aclitxnnatio  objoct-glus  O  is  Mt 
in  a  iiiounting  which  ia  screwed  into  ono  vntl  of  ft  atrong  Lnisti  tab* 
A  A  (Fig.  740).  In  th« 
■•ther  end  slides  a  srosllur 
tulfl-  F  oonUiiitinu  thn  vyv 
piece  O':  luiil  by  turuiiig 
tbe  iuillo«l  hvad  V  in  odo 
direction  or  the  otJit-r,  the 
fje-pifCe  is  inovod  for- 
wmrdA  or  bnckwards. 

/  tiufei*.  —  Tho  small 
feolMcopA  t,  which  in  nt- 
tadkftd  to  Ibu  principal 
telOKopci"  called  ajinder. 
Thu  ^pendage  is  indU- 
pannbie  when  Die  prin- 
cipal telescope  has  a  high 
iiiat'nif}*ini;  power;  for  a 

U'\^h  riini^iifving  power  involves  a  small  field  of  view,  and  consequent 
tlifficulty  in  directin<;  the  t«l(«oope  ko  as  to  include  a  aclected  object 
wHhin  ita  range,  llie  tindor  iit  a  telcAOope  of  lar^e  tlcld;  and  m  it 
ia  set  parallel  to  the  principal  t«leHoo[>e,  uhjet-t^  will  Iw  vinihlo  in 
the  latt<.'r  if  tlivy  are  seeo  in  the  centre  of  tbe  field  of  viour  of  the 
fomtrr. 

1031.  B«st  Position  for  Uie  Byo. — Tho  eye-picco  fontui  a  real  and 
invert<>d  imaj^o  of  tho  object-gloiut'  at  EE'  (Fig.744),tlirough  which 
all  raya  tranamittcd  by  tho  t«lc«co|>c  must  of  nwoMiity  piuw.  If  tlte 
tolcMcope  he  directed  to  a  bright  nky.  and  a  pieoo  of  white  paper  held 
lieliiud  the  eye-piece  to  serve  as  a  screen,  a  circuhir  apot  of  light  will 
l>e  forini'd  upon  it.  which  will  become  sharply  defined  (and  at  the 
Name  time  attain  its  suialleet  size)  when  the  screen  is  held  in  Lite 
i-orrvct  p<Hltion.  This  image  {which  wv  shall  call  tho  bright  i/tot) 
iiiay  U-  re>'nrii<-<l  as  marking  th>.'  pro[>or  pLice  for  the  pupil  of  tho 
ub»er%'er'M  vyu.  Ever)-  ray  whicli  travenot  tbe  centre  of  the  object- 
ghsi  traventoN  the  centre  of  this  spot;  every  ray  which  travetsca 
the  up{>er  edge  of  the  object-glass  travonua  U>e  lower  t^fia  of  the 


fi»  rM -aammImi  IMnhvk 
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th«  viiiuftl  aagh  to  tlic  naked  oye  would  be  a  O  fr.  llta  nugnlficitkB 

b  tlierefore  "y^  i ,  which  is  approxhuateljr  ecjaal  to  —^  e  being  11m 

principal  focus  of  the  objoct-ghuw.  If  Ui«  ituitniiiMsat  is  focoaed  is 
such  a  way  Uiftt  tbt.-  image  A'  B'  ii  thrown  to  infinite  tli^taott,  e  k 
also  the  pi-iiicijuil  focuH  of  tlic  vyo-lonn,  an<l  th«  tnagnificatkii  ii 
eiinply  the  mtio  of  U)«  fooal  lengths  of  tin'  two  IrnMs.  Thk  ii 
tlu!  KAiiie  rule  vrhich  we  deduool  for  the  luttroiiuinical  tdmafc 
but  tlie  (^iflJilcan  tel«>j<cope,  if  of  the  eame  power,  t»  ithgtW  Vf 
twice  the  focal  length  of  the  i-ye-lcnH.  irinou  tlie  ductJuiOK  Utvta 
the  two  leases  is  the  difFvrunoc  in«tMUl  of  th«  buiu  of  Htunr  toai 
lengths. 

This  telescope  has  tlie  dUadvantsge  of  not  admitting  of  tfain 
ployinent  of  ctoaa  wires;  for  these,  in  order  to  aerw  UMir  pi^^| 
niu«t  coincide  with  the  real  image;  and  no  sack  imayn  extM  ■ 
^^^         this  telescope. 

'fhure  is  anotbwr  peculiarity  in  tb«  tkmaa  d 

Ithe  briffhi  tpol  above  diMcribed,  th«  ima^  d  A* 
ohji^'Ct-ghts.s  formed  by  tho  t*ye-glAs»  being  nrt*^ 
In  other  tele«copes,  if  half  the  object-gUa*  bro*' 
ered,  half  tlie  bright  spot  will  be  ublit«nt»<i,  W 
the  remaining  half  sitlBctw  for  giving  the  *Ut 
field  of  view,  ttiuiigh  with  dtininiabKl  laighti* 
In  the  Gulihton  telescope,  on  tlio  oontnrjr,  if  Uf 
the  ohji-ct-f^taw  be  ciivphkI,  Tialf  tha  fiaU  cf  n* 
will  lie  ciit  off.  and  the  rvnuuning  half  «3  b 
I^^^^^^M    onaffectad. 

ng.  Tw.-0)»n-ciu>  "^^  opera-gUm,  single  or  binocular,  ii  a  li^ 
lean  telescope,  or  a  pair  of  Galiluan  tdwi:^  I> 
the  beet  iaatriiiuent«,  both  objoct-t^law  and  cyo-glaja  an  idM^^ 
combinations  of  three  pieces,  iw  shown  in  w.-ctinn  in  the  ficwr  (Pf 
740);  tliu  middle  piece  in  each  case  being  fttnt.  and  tlKxAlurta* 
crown  (!$  1064). 

1084.  Keflecting:  Teleacopes.— In  reflecting  telffioopa^  tbtf!*)' 
an  object-gloM  is  Hupplivd  by  a  concave  mirror  called  «  iftt^ 
usually  composed  of  solid  metal.  Tlie  real  and  inverted  itiM(««WA 
it  forms  of  distant  objccbf  is,  in  the  Hcrschelinn  tehtseoM.  *m*<^ 
directly  through  an  eye-pii^cu,  tlie  liack  of  tho  ut»^rver  Urii^  ««w^ 
the  object,  and  his  face  towards  the  speculum.  I'his  cuostrartMl^ 
only  applicable  to  very  Urge  specula;  as  in  inatrumoBta  el 


MAOKinriNa  fowkb  or  tclkscukk. 


'tee  tho  intetpoution  of  the  ohserver'a  he«d  would  occuion  Um 
seriou.-*  m  loaa  of  light 

An  amn^-iiivnt  more  frequently  adopted  is  that  devised  by  Sir 
lauc    Newton.    iin<l 


K«fce 


n»  TW-HralciDlui  TdMoilic 


empIuyMl  by  hint  in 
Bnitri'fic«tii)gte]o> 
Bcoi»e  evw  ooDfttruct- 
o(i.  ItisreproiKrotwIin 
Fi(,'.  750.  TboHjxjcu- 
luiu  is  at  the  bottom  of 
» tuWwl]uti«  open  euil 
din-cti^l    towards 

.e  dJAtiiiit  ubJMt  to 
beexauiituxL  Tlieruys 
1  and  2  from  onu  oxtr«* 
mity  of  the  object  an  rofl«c4«d  towuds  a,  ■o(I  the  n,y»  3, 4  from  th« 
other  extremity  »r«  reflected  towards  h.  A  nal  inverted  image  ab 
would  ibua  be  foniicd  at  the  principal  focus  of  the  concave  spvculutn; 
but  a  Miiall  plane  mirror  M  ia  int«rpo8ed  obliquely,  ami  cnii»c»  tha 

.1   image  to  be  formed  at  a  b'  in  a  symmetrical   jiusttion  with 
to  the  mirror  M.    llie  eye-lena  O'  transforms  Uiu  into  the 
and  ^-i^tu&l  image  A'  B'. 

Magnifyiug  Power. — Tho  ap[>roximat«  fonuuU  for  the  magnifying 

wer  is  the  name  aa  in  ttio  caiM  of  the  refracting  teleaoopes  alrmdy 
dascribed.  In  fact  tlic  flrtit  ininge  a  b  subtends,  at  the  uptical  cvntr\T 
0  (not  shown  in  the  figure)  of  the  largv  speculum,  an  an^lv  n  O  6 
•qual  to  the  visual  angle  for  the  naked  eye;  and  ihi;  nocond  image 
a'  b'  (which  in  eqnal  to  the  former)  subtends,  at  the  centru  of  tho 
q^pic<-e,an  angle  a  O' b'  equal  to  the  angle  under  which  tho  inutge 
ia  seen  in  the  teieecope.  The  magnifying  power  is  therefor*  -^j^t'^t 
what  iH  the  itamc  tiling,  is  tlie  ratio  of  the  distance  of  a  6  from  O  to 
Hat  difttanoe  of  u'  b'  from  ()'.  or  the  ratio  of  the  focal  length  of  the 
■pecnlum  to  that  of  the  eye-piece. 

In  the  Gregorian  telescope,  whicb  was  invented  before  that  of 
Newton,  but  not  manufactured  till  a  lat^^r  datv.  there  are  two  con- 
cave ttpecula.  Tho  large  unc,  which  Tt-n-ivm  tlie  dirrct  rayn  from 
the  object,  forms  a  real  and  invertcil  image.  Tho  Hmallur  siM-culum 
which  is  HUftpendivl  in  the  centre  of  th**  tuUr,  witli  itn  liaok  to  the 
object,  receives  tho  nys  rrflected  from  the  first  Hpeculum.  and  fumu 
a  second  real  image,  whiclt  b  the  enlarged  and  inverted  imageof  the 
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fiist,  and  ia  therefore  «r«ct  m  ooropamd  witb  tlie  objoet  TUa  ml 
aad  erect  image  U  tlmn  riia;jiiilii^l  hy  means  of  an  erP-pi«eo, » in 
th«  imtrumenta  previoualy  described,  the  eye-pieco  being  ooobumd 
iQ  B  tube  which  eWdea  in  a  hole  pierced  in  the  middle  of  th«  lup 

As  this  nnimgcinoni  giv«s  ao  erect  ims^,and  enables  the  otmmt 
to  look  diiTctly  towards  tlio  objuct,  it  is  specially  coav' 
teireAtrial  oliservntioo.     It  is  the  construction  olmoet  nni' 
adopted  in  reflecting  telccicopes  of  amall  fiize. 

TliQ  Cassegnnian  teleacope  resembles  the  Orv^triiui.  rxeopl 
the  second  speculum  ia  oonvex,  and  the  image  w}iicb  the 
»c«s  b  inverted. 

1039.  Silvered  BpMVla. — Achromatic  refractin;;  tel<«oope* 
miicli  l>i^tu^rri>ttults,botl)Mregard9  light  and  dutinitiou,  than 
of  the  same  size  or  weight;  but  it  baa  been  found  pradinM*  I* 
niak(?  specula  of  much  larger  size  than  object-gUuiMa.  The  apdw 
of  Lord  Itosse's  largest  totosoopo  is  6  feet,  whereas  tba  apertanrf 
the  lurgtHt  achromatic  teloAcopM  yet  constructod  is  l>t«  thtatM 
feet,  and  increase  of  size  involves  iocreased  thickneaa  of  gla«,aid 
consequent  absorption  of  lighL 

The  massivenees  wbich  is  found  necessary  in  the  specalom  tn 
to  pntvcnb  flexure,  is  a  iH-rious  inconvenienrfl,  as  b  altm  Um 
for  froqtii^t  rcpolishing — an  opoTBtion  of  great  deJicaejT. 
sli^btust  change  in  the  fomt  of  titc  surfacu  itnpaint  ihn  dafiaitaarf 
the  iniageit.  Both  Uirvu  d4>f<:-ctj<  liave  lieen  U>  a  certain  extaM  mv 
died  by  the  introduction  of  glass  specula,  covonxl  in  front  *iAi 
thin  coating  of  silver.  Glaaa  is  much  more  eftnilv  worked  te 
spcculum-mvtal  (which  is  remarkable  for  its  brittlrnc.«  in  mJiiijl 
and  ba.t  only  one-third  of  it«spvciflc  gravity.  SiU-er  ktahaM^ 
atiperior  to  spoculum-inctAl  in  refl«eting  p<iwcr;  and  oaoflavil 
becomes  tanusbed  it  can  he  removed  and  runewed,  withonl  lUHf 
to  change  of  form  in  the  rcfiecting  aurfaco.' 

1036.  UuBSureof  firiffhtoces. — The  apparent  bririhtnm  of  a«ha 
U  must  nnturally  mcanurvd  by  tlie  amount  of  light  |Mir  unit  wall 
its  image  on  tlie  retina;  and  thttrvforo  varies  dirt^tl*/  tu  (A/  am^ 
of  light  tokuh  ths  Bw/aeB  aettda  to  the  jmyil,  a-ud  iuivrmlf  m  ti 
apfiarent  area  of  the  «u,Tfiice. 

To  avoid  complications  arising  from  the  varying  timriftHi  ■■"** 


'  The  mcriu  »(  (ilnred  ifacnlk  itn  (hUt  Mt  («rth  la  a 
Browning,  ths  gpticlkn,  catillad  A  Hm^ar  Ki^Utltn. 
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t/battmr,  w«  slutl  kmn  dilatAtioii  knd  contraction  of  the  pupil  out 
oCaoeoont. 

When  a  hodj  is  looked  at  through  «  nuall  pinhole  in  a  curd  held 
eloae  to  the  eye,  it  Appeurs  much  darker  tlinn  wli<tn  viewed  io  the 
ordinary  way;  and  in  like  manner  images  fonned  by  optical  insiru- 
niunU  oftvn  fuTni»h  baama  of  Light  too  Danvw  to  fill  the  pupil.  In 
all  Huch  GUM'S  il  Iiocohmmi  iiccMaaty  to  di»UnKui;!h  bctwmn  eff'tcHve 
b>-i{ihtRC$«  and  intrin»ic  brigkhtrM,  tlto  former  being  Iran  than  the 
luttcr  in  tlie  Mune  ratio  in  which  tin;  cro^  M!cLion  of  the  beam  which 
ftitcis  the  pupil  is  Usa  than  the  utmi  of  the  pupiL  We  may  corroctly 
Apeak  of  the  inti'infic  bi-^lihieM  of  a  surface  /or  a  parUcuiti  r  point 
of  the  pupil;  and  the  effective  brightofies  will  in  every  case  be  the 
avcngo  value  of  the  intrinsic  brightness  taken  over  the  whole 
pupil. 

In  the  eoDB  of  natural  bodies  viewed  in  the  ordinary  wny,  tlie 
dinUnctinu  may  be  negtectod.iiincn  they  wtually  H«nd  light  in  Miuibly 
equal  amounts  to  all  parttt  of  the  pupil. 

To  obtain  a  numt^riatl  luouure  of  intrinsic  briglitnees,  let  ua  denote 
by  d  a  small  an>a  on  a  eui'faco  directly  facing  towards  the  eye.  or 
ilte  forcKliortciiod  projiN^tinn  of  a  iiniall  area  obli(|ue  to  the  line  of 
vision,  ntiil  by  m  the  nulid  ntij-lo  which  the  pupil  of  the  eyii  Hubu-mls 
at  any  point  of  a.  Then  the  quantity  of  light  ;  which  «  sends  to 
till-  pupil  per  unit  time,  varies  jointly  as  the  solid  angle  w.  the  urea  •, 
and  till-  intrinsic  brightoeoa  of  a,  which  we  will  denote  by  L  We 
nay  tlii<n^for«  write 

Th«  intriusio  brightness  of  a  »unall  area  t  is  therefore  mmuiored  l^ 
^^  whcro  q  dcnotee  the  quantity  of  light  which  s  emite  per  unit 

time  in  diroetiona  limited  by  the  small  angle  of  divergence  m. 

1097.  Apitlicationa. — One  of  the  most  obvious  consequenoes  is  tliat 
turfaoa  appear  eqttaliy  bright  at  all  dutawxa  in  the  same  direetion, 
pruv-idod  that  no  light  is  stopixKl  by  tbe  aJr  or  other  intervening 
miMlium;  for  y  and  «  both  vary  lQvor»oly  ••  the  square  of  Utn  dtM- 
tance.  Tht  area  of  the  imago  fonned  on  the  retina  in  fact  varia 
diroctly  aa  the  amount  of  light  by  which  it  is  formed. 

Jvuigt*  formed  by  XeMea. — Lul  A  B  (Fig.  751)  be  an  objetrt,  and 
ab'iUi  real  image  formed  by  the  lens  CD,  whose  centre  is  O.  Let 
S  denote  a  small  ana  at  A,  and  Q  tbe  quantity  of  light  which  it 
sends  tn  Uie  lens;  also  lets  denote  the  comspondiug  an»  uf  the 
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image,  and  q  the  quantity  of  tight  s 
be  identical  with  Q  if  no  light  were  ( 
are  directly  as  the  squares  of  the  go 


Ilg.  T6I BilgbtuMa  of  Inuga. 

as  the  squares  of  the  conjugate  foca 

Sq=8w.    The  intrinsic  brightnes 

equal  to  the  intrinsic  brightness  ^ 

light  is  stopped  by  the  lens.    Prec 
virtual  images  formed  by  lenses.* 

In  the  case  of  images  formed  I 
angles  subtended  by  the  mirror 
inversely  as  the  squares  of  the  disi 
and  a  are  directly  as  the  squares  of 
curvature;  but  these  four  distances 
the  same  reasoning  is  still  applies 
half  the  incident  light,  the  image 
brightness  of  the  object. 

If  the  pupil  is  fiUed  with  ligh 

brightness  will  be  the  same  as  the  ir 

If  this  condition  is  not  fulfilled,  1 

latter.     When  the  image  is  greatly 

object,  the  angle  of  divergence  is  j 

with  the  angle  which  the  lens  or  n 

often  becomes  so  small  that  only  a  f 

Tliis  is  the  explanation  of  the  gr 

observed  in  the  use  of  high  ma^if 

and  telescopes. 

'  For  TefrKtJon  out  of  a  medium  of  inde: 

S1015,eqQ«tion(13),M.:M.:=^;^p|.     ! 

ing-  parts  of  object  »nd  image,  ire  have  ii  :  ti : 
angles  enbtended  at  Pu  P,  b;  one  and  the  un 

«,:■«,;  :AP,':AP,'      Therefore  -^  :  -'- 

taccesBion  of  imsgei  in  different  media  an  thei 
indiCM. 


BHiaimine. 
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1088.  BristitneBS  of  Ina^  in  a  Telescope. — It  hu  been  already 
fioinled  uut  (§  1031 )  that  in  aioet  forms  af  telescope  (Uie  UtUiluan 
b«itig  an  Qxcvption),  Uiero  is  a  certaio  position,  a  littlo  behind  th« 
Afe-pieoc,  at  wliich  a  woll-dvtinpd  bri^'ht  spot  is  foriiii-d  upon  a 
acreen  lieM  lliero  while  the  tulvsoope  in  directed  to  any  diitlant  wniroo 
of  UghL  it  baa  aim  bean  pointed  out  tlmt  tlii.t  Hjiot  in  tlio  iinagv, 
fomicd  by  the  eye-piece,  of  tbe  oiwning  which  h  filled  by  the  object- 
glam,  and  that  the  magnifying  power  of  th^  tnstrumont  is  the  ratio 
of  the  size  of  the  object-glaas  to  thi<  dze  of  this  briglit  spot 

Let  »  denote  the  diameter  of  the  brigtit  spot,  o  tlie  diamcbcr  of  the 

olgect-glaa, «  the  diameter  of  the  pupil  of  the  eye;  then  *    is  the 

linear  iim^fnifying  power. 

We  nhnll  fir>t  coiLiidcr  the  CUM  in  which  tliu  spot  exactly  covers 
tile  pupil  of  the  oheerver'a  eye,  so  that  t=e.  Then  the  whole 
li]{ht  wtiit^b  traveifKH  the  teleaeope  from  a  distant  object  enlero  the 
vye;  and  if  we  neglvct  the  light  stopped  in  tJto  tele»cfi|>e,  UiJa  b 

tile  whole  tight  sent  by  the  objuct  to  tlie  objoct-glam,  and  i>  (  *  ) 

tiiiuM  tliat  which  would  be  received  by  the  naked  eye.     The  niagui- 

floation  of  app&rcnt  arm  >>(;)•  which,  from  tiie  equality  of  a  and  «, 

is  the  same  as  the  increase  of  total  light  Hie  biightneMi  is  tlivrt-furo 
the  Mmi.-  as  t<i  th<>  nnkvnl  eye. 

Next,  let  9  Im)  greater  tluui  e,  and  let  the  pupil  occupy  tlin  oontnd 
part  of  the  s)M>t.  Then,  since  the  spot  is  the  image  of  the  object- 
glan,  we  may  divide  the  object-glaas  into  twu  pnrts — a  ccutml  ]iar( 
whoa«  image  coincidos  with  the  pupil,  and  a  circumferential  part 
whoM  intag*  snrroun^ls  tlie  pupil  All  nys  from  tJio  object  whidi 
traverM!  thi!  »-ntnt]  part.  tn«vcr»P  it«  image,  and  therefore  enter  the 
pupih  whcrcaa  raya  iravt^rsing  the  circumferential  part  of  tlieobjoot- 
glaaa,  traverse  the  circumferential  port  of  the  ima^e,  and  so  an 
wast'-ii  The  area  of  the  central  part  (whether  of  the  object-glaaa 
or  of  its  image)  u  to  the  whole  on-iit.  as  «* :  ■*;  and  tlw  light  which 

the  ohjeol  aends  to  tlie  central  portion,  inatead  of  boin^  {^j  timea 

I  that  which  would  \m  received  by  th«  naked  eye,  b  anly  (  ^)  tinwa. 
Boi  \~)  b  the  magnification  of  apparent  area.  Henes  the  bright* 
neaii  is  the  same  aa  to  the  naked  eye.    In  these  two  easce,  efliactive 
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Lastly  (and  tbie  is  by  far  tiie 


oommoR  case  in  prmctiw).  let 
$  bo  luM  UiAB  e.    Tbea  do  ligbl  is  wast«<l,  but  the  pupil  in  not  filkii 

The  light  reoeirad  is  (  —  1   timee  that  which  the  naked  eye  wuald 

reoeive;  and  the  magnification  of  apparent  area  ia  ( M  .  The  cSm- 
tive  brightness  of  th«  image,  is  to  th«  brightn<»w  of  the  object  to  iIm 
naked  ejo.as  (^  j  •  (  ^  j )  tbat  is,  aa8*:e*;  that  ia,a8  this  uvaof  tb« 

bright  spot  to  the  whole  area  of  tlie  poplL 

To  correct  for  the  light  stopped  by  rejection  and  itupurfnct 
parcncy,  we  have  simply  to  multiply  tliu  result  in  eocb  cam 
prupur  fmction.  expressing  the  ratio  of  t)ic  tratismitted  to  the 
light  Tim  ratio,  for  titf  e<?iitm1  part*  of  tlie  Huld  of  \'iow,  is 
0'8.'>  in  the  best  ndiromatic  t«IeMopc8.  In  ducli  ivk-scopm,  Uv 
the  brightness  of  the  image  cannot  exceMl  0'S5  of  Iha  briglitDH 
the  object  to  (he  nakod  oye.  It  will  have  this  prwn*c  value,  whM 
the  magnifying  power  is  equal  to  or  leiu  than  *:  and  froin  lUi 
point  upwards  will  vary  inversely  as  the  square  of  tUu  liooar 
nifitTxtioo. 

The  Aaoie  formula  apply  to  rellecting  telcMopes,  o  dimotliif 
the  diameter  of  the  large  speculum  which  S'-rveH  tu  objeetitrv: 
the  constant  factor  is  usually  constderaUy  loss  than  0*85. 

It  may  be  accepted  an  a  general  principle  in  upiics.  that  whib 
»  poAitble,  by  bad  focussing  or  instniuiviitAl  iniporfectiotu,  to 
a  confused  image  whose  briglitneas  shall  be  intvrmodiate  tnt 
the  brightest  and  tbo  darkeast  parts  of  tlie  object,  it  i»  mhj 
6^  any  optical  arrangement  whatever,  to  oUain  an  imoft 
briyhttjst  part  duM  surpasn  the  brighlesl  part  of  the  uiiject, 

1039.  Briffbtness  of  Stars.— There  ia  oao  important  case  m 
tli<!  foregoing  rules  regarding  the  brightnoss  of  imag< 
nugatory.  The  fixed  stars  are  bodies  whicli  subtdod  at  the  mdk 
angles  amaller  than  the  minimum  vi»ihiU.  but  which,  on  attMMl 
of  their  excessive  brightnosa,  upptar  to  have  a  •ruxibla  iinnkr 
diatnctcr.  This  is  an  instanou  of  trrtulialton,  a  pbenouMneo  aaij- 
fe-sted  by  all  bodies  of  exccsuvo  brightncM,  and  ciu«istia;  in  ■& 
extension  of  their  apparent  beyond  tlicir  actual  boundary,  ^^lat 
is  called,  in  popular  language,  a  bright  star,  is  a  star  whiidi  •>»!*  ft 
largo  total  omount  of  lii,'ht  to  the  eye. 

Denoting  by  n  tlic  ratio  of  the  tranHmitted  to  tbo  whole  iodikBt 
light,  a  ratio  which,  as  we  have  seen,  is  about  0*85  tn  the 
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and  calling  tho  light  wbteb  a  star  mods  to  tho 

naked  eye  unity,  the  light  pcrcetvtxl  in  Jla  iinag«  will  b«  «  [j)  ,  w 

a  X  H(|uarfi  of  Unoar  mnf^ificntion.  if  tb«  bright  spot  is  as  large  as 
tliu  {mpil.  Whon  thu  Kyv-|iii.-co  i»  cliang«d,  iocrcKDo  of  puwcr  lUmiii- 
laba  the  niiie  of  the  spot,  and  incrcasM  the  light  recttved  by  tho  oyo, 
notil  the  spot  is  reduced  to  the  aixe  of  the  pupil.  After  tlii-s  any 
further  magnilicatJuH  \iaa  uo  etTect  on  the  quantity  of  Ugbt  received, 

its  constant  value  being  «  (  ^  )  • 

The  value  of  this  last  expression,  or  tather  the  value  of  a  o',  is  the 
ncaHtiro  of  what  is  called  tht-  ajKice-penetrating  jioicer  of  u  tolosoopai 
that  in  to  Buy.  thv  power  of  rendt^ring  very  faint  ston  visiblB;  and 

ia  in  tliia  rcs|>cet  tliat  toloKoop«s  ol  very  largo  aporturo,  notably 
great  retlector  of  Lord  Kot«se,  am  able  to  display  thoir  great 
nority  over  iiutruinenta  of  moderate  dimensionB. 

We  have  seen  that  the  totftl  light  in  the  vt»ible  image  of  a  star 
remains  unaltered,  by  increaae  of  power  in  tlic  oyo-pieoe  abovo  » 
certain  Utoit.  But  iJie  visibiU^  of  faint  stant  in  u  t«lenoopu  in  pro- 
nti)(«d  by  darkening  tho  back-ground  of  aky  on  whidi  they  arc  mmul 
Now  the  brigbtneaa  of  this  back-ground  varicn  directJy  as  a*,  or 
inveriicly  as  the  square  of  the  linear  inaguitlcation  («  being  mipposed 
leas  than  e).  lleu«e  it  is  advantagaoos,  io  examining  very  faint 
stars,  to  employ  eye-pieces  of  sufScient  powar  to  render  tho  briglit 
■put  much  smallar  than  the  pupil  of  tlio  eye. 

1040.  ImgwoB  aSerMD. — Thus  far  we  have  bMDSpoakingof  Uie 
brightness  of  imagus  as  viewed  directly.  Images  cost  upon  a  scrota 
are,  as  a  matter  of  fact,  much  leas  brilliant;  jartJy  because  the  scrum 
sends  out  tight  in  all  directions,  and  tbe-refore  throu^  a  much  larger 
solid  angle  than  titat  formed  by  Die  beam  incident  on  the  screoo, 
and  partly  because  some  of  tlie  incidunt  light  is  absorbed. 

Lot  A  be  the  area  of  the  object,  which  wa  sapposo  to  foco  directly 
towonls  the  lens  by  which  tho  image  is  thrown  upon  the  screen,  a 
ibe  area  of  the  image,  and  D,  d  their  recpective  distoBoea  iVom  the 
lena.  Then  if  I  dooote  the  intrinsic  brightneaa  of  the  objeot,  the 
light  sent  from  A  to  the  lens  will  be  the  product  of  I A  by  the 
solid  angle  which  the  lens  subtends  at  tlie  objoct.    This  solid  angle 

will  bo  ^,  if  L  denote  tiie  area  of  tho  leas.    I  A  i^  is  therefore  the 

light  sent  by  the  object  to  the  lens,  and  if  «a  neglect  roflMtion  and 
absorption  all  this  Ugbt  falls  upon  the  iinag&    3%s  Ut/ht  vJiic/i/aUa 
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ot»  unit  ana  of  the  imuge  i»  iliorcforc  I  -  -jji.  t>"it  "  I  j. ;  H 
therefore  the  mme  a*  if  (he  lens  tcecc  d  souroi  0/  light  of  brigiUiMH 
/.  Accorilmgly,  if  the  image  of  a  lump  Hiuiie  bo  tbrowo  opun  Um 
pupil  o{  vn  observer's  eye,  and  be  largo  vnougli  bo  oovur  the  pupil, 
iiu  will  Mc  llie  lens  tilled  with  light  of  a  brightneas  equal  to  tLat  of 
tl)u  llaiue  Ewen  diivctly. 

1041.  Field  of  View  in  A«tronomic«l  Telescope. — Let  pmttf  (Fij. 
752)  be  the  ooiumon  focal  plaae  of  Uie  object-gla^ii  and  cy^^b* 

I>rBW  It  a,  A  b  joiaiag  tiw  btg^ 
KHS,  poiuU  of  both.  And  Um  towMl 


ncTtt-rwdidviii-. 


poiiitAof  boUi;  abwi  A<i.  B6j>]iB> 
in^  tlie  highest  point  of  eacli  iril^ 
the   lowest   point  of   the  otJM. 
Kvi.K-ntly   Ba,  A  b  will   be  0* 
boundiiries  of  the  beam  of  light  triuuiuittvd  thn>ugh  thv  tuluwy 
and  tlivrcforc  the  poEntM  j>  ami  9  in  which  tlicse  lincM  inttfMCt  Ik 
focal  plaiw,  will  be  tJie  extj^initira  of  that  port  uf  the  nal  tmift 
which  sendi  rays  to  thp  eye.     Tlie  anglv  Mubtended  by  />f  at  Ik 
centre  of  the  object-glass  will  therefore  be  the  angular  rliainelfftf 
the  complete  tield  of  view.     But  the  outer  iKirtionn  of  thi>  liold  wD 
l)e  lei§s  bright  than  thi>  centre,  and  the  full  nmotiiit  of  luit^liTiir*  ■ 
calculiitt^d   in  §  1038  for  the  ca'te  in  which  th»i  "bright  i^'b 
stnaller  than  tlio  puful,  wilt  belong  only  to  the  portion  m  ■»  boNsM 
by  tlic  eros.H-line«  A  a,  B  h\  for  all  Uie  rays  sent  liy  Um*  otjed-fla 
through  the  part  mn  traverse  th«  e]fe-gli»,  and   thcrvfan  tk 
bright  spot,  whereas  Bom«  of  the  ray^  sent  by  the  objeci-(lai  I* 
any  point  botwoen  m  and  ;>,  or  Ix'tn-etm  n  aitd  q  paaa  wJda  of  lb 
flye-};lii)>s  and  llicrcfon;  do  nut  reach  the  bright  spot.     The  eanpt* 
field  of  view.  a.i  Men  by  au  eye  whrwe  pupil  indudos  the  brijtlit  Pfk 
accordingly  oonaista  of  a  central  disc  mn  of  full  hrifiilw  m 
rounded  by  a  ring  extending  tu  y>  luiil  7  whow  liri^tDai 

diliiiubihm  from  full 


na-OiteateHoB  of  VtaU. 


annular  form  in  the  focal  plane, 
of  view,  excluiling  the  ra^gt-d 
which  m  n  subteiitU  at  the  oentn;  of  Uie  ubjoet-glaiM. 


tX  \\&  junction  with  11m  4i«  k 
^uru  at  it»  outor  boondliy-  tka 
ring  ia  called  tba  "  tt^gA  ^ 
and  b  pot  out  of  dj^kiriirf 
telesoopoa  by  an  op^qn*  *f  ^ 
The  angular  lUanieUv  of  Iht  Ul 
e<I^e,   will    b«  vqna)  to  Ibt  Mgl* 


riRLD  or  Tiiw. 
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'To  eolcwlftt*  the  lengt)i  of  mn,  join  D,  d.  the  centres  of  Uw 
bject-gl&as  and  eye-gla!H  (Fig.  753).    The  joining  line  will  obviously 

piuti  through  the  intersection  of  A  a,  Bb,  and   al&o   through  thft 

lutddlo  point  of  mn.     Draw  a  parallel    Co  this   lino    through  tn. 

Tbvk,  bj  oomparing  the  ntoilar  triaoglw  of  which  a  m,  A  nt  are  the 

bTpolttniMa,  wc  havo 

Hence,  multiplTing  extremes  and  meams,  and  denoting  tlie  focal 
lengths  Do,  od  by  ¥,/.  we  have 

F(a<t-ai>l  =  fi&V  +  mp], 

whi-noo 

"• viy  — 

This  is>  the  radius  of  the  real  image,  excluding  the  ragged  edge;  and 
the  angular  radius  of  the  field  of  view  will  be 

T  =    y<fV/, 


iif^- 


•* 


The  flnt  tonu  ^^7  is  the  angle  whidi  tlio  tadiuii  of  the  eTO-glam 

fiubt4inds  at  the  obJMit-glaBit.  But,  it  is  obvious  from  Fig.  Iht  that 
th<;  line  aX>  woulcl  bisect  tnp.  Hence  tlie  svoond  term  repraeentH 
half  the  brrodth  of  the  ngged  tdga,  and  the  whole  field  of  view, 
^ncluiling  the  ragged  edge,  has  an  aqgulor  radius 

a4         /.AH 

1042.  OroM-wfrea  of  Telesoopea— Wo  have  dwrribvd  in  §  1010  a 
mode  of  marking  the  place  of  a  real  image  hy  moans  of  a  crom  of 
tlin-ails.  When  telesct^ws  are  employed  to  SHsi^t  in  the  meaflure- 
mvnt  of  angles,  a  contrivance  of  this  kind  w  altiKnt  alwapt  intro- 
diuwd.  A  croM  of  silkwonn  threads,  in  Instrument*  of  low  power, 
or  of  spider  thrvsiU  in  inHtnittienIs  of  hi^hi^r  power,  is  utrvtched 
aerom  a  metallic  frame  jiut  in  front  of  the  eye-pie<w.  The  oteerver 
must  first  adjust  the  oy«-pie«e  for  distinct  vision  of  tliis  cross,  and 
mupit  tlivn  (in  the  case  of  tltoodolites  and  other  surveying  iuatnt- 
menta)  adjust  the  distance  of  the  ohji-ct-glass  until  the  objoct  which 
is  to  bo  observed  b  alao  seen  diatinctly  in  the  telesoope.  The  tinaga 
of  tiio  object  will  then  be  very  nearly  in  the  plane  of  the  cram.  If 
it  is  not  exactly  in  the  plane,  parallactic  dinplacement  will  be 
observed  when  the  oye  is  sliiftod,  and  this  must  be  cured  by  slightly 
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•Ibering  the  distance  of  the  object-glaas.  When  the  adjtuilaMoi 
been  completed,  the  croes  always  marks  one  detiiiite  puint  of 
object,  however  the  eye  bo  iihifted.  Tbts  coincidence  will  ua(  U 
disturbed  by  pushing  in  or  pulling  out  the  eye-piucu;  for  the  fnu 
wfakh  carries  the  cross  is  attached  to  the  body  uf  the  t«leaco()e,  vul 
the  coincidence  of  the  croes  with  a  point  of  the  inuge  is  raal,  m>  tkM 
it  could  be  observed  by  ^  naked  eye.  if  the  eye-piece  were  remon^ 
The  adjustment  of  the  eye-piece  merely  serves  to  give  distinct  viii(» 
and  this  will  bo  obtAined  simultan«omly  for  both  the  cross  bqiI  tfci 
object. 

1043.  Line  of  Oalliisation. — Tie  employment  of  cro»-virm  ^ 
these  cro.-<sing  threads  are  called)  enormouKly  tnorOASW  oar  pom  rf 
making  accurate  observations  of  dirt-ction,  and  constitutes  ana ol  (hi 
greatest  advantages  of  modem  over  ancient  instruiucnts. 

Tlie  line  which  is  regarded  as  tho  line  of  eight,  or  aa  the  dir*cba 
in  which  tliu  tclti»cope  is  pointed,  is  called  tho  linr  u/  wtUm^m 
M  we  neglect  the  curvature  of  rays  due  to  atmospheric  reftwbK 
we  may  define  it  as  the  tine  joining  tAe  emu  to  thr.  tiliJMt  «te 
ima{ie  falU  on  it    More  rigorously,  the  line  of  Cfdlimatioo  i*  d* 
line  joimng  (Ae  cross  to  Oie  optwU  centre  of  tfu  obfect-j^am.   ^Kht 
it  is  dcairi-d  bo  adjust  thv  line  of  eoUiiaation, — for  uxampU,  to  Mb 
it  truly  perpendicular  to  the  horizontal  axis  cm  which  the  Islaafi 
is  mounted,  the  adjustment  is  perfonne^l  by  shifting  thu  fraswriiii 
carries  the  wires,  slow-motion  screws  being  proviiic-d  for  this  pvp* 
Telescopes  for  astronomical  observation  are  often  fomiabed  «tt* 
number  of  parallel  wires,  croesed  bj*  one  or  two  in  the  tiaait** 
direction ;  and  the  line  of  collimation  is  then  defliMrd  by  nfcrav* 
an  imaginary  cross,  whidi  is  Uie  oontru  of  mean  pasitioa  of  all  A* 
actual  croBiMM. 

1044.  ICiorometera. — Astronomical  mioromctera  ate  of  no* 
binds,  some  of  them  serving  for  measuring  the  aagnlar  dialaavk^ 
tween  two  points  in  the  sumo  field  of  view,  and  otboa  Ur  iM^ 
ing  their  itppitrciit  ilirL-ction  from  ont>  aiiotlior.  Thoy  irfliiiiii^i* 
spider  threads  placed  in  tlic  priDcifwl  focus  of  the  objeci-gla>a.«*l> 
be  in  the  same  plane  as  the  images  of  celestial  obJActaaOlwar 

'the  threads  being  movable  by  meansof  slow-motion  aeramk 
with  graduated  circles,  on  whidi  parts  of  a  turn  can  he  nad  tf 

One  of  the  commonest  kinds  consists  of  two  paimllel  tbiwk*^ 
can  tlius  bo  moved  to  any  distaoee  ap*rt,  and  oaa  aJw  U  taa^ 
round  in  their  own  plane. 


CHAPTER    LXXU 


DISPKBSIOK.      UTUDT   OF  SPFCTRA. 


1045.  NevtoBJao  Experiment. — Id  the  chapter  on  refraction,  we 
lutvr  puet[K>iir^)  tlie  •li»ciLr>iion  of  om'  iinportaut  phtDOmflDon  hy 
•which  it  U  Usually  «rroiup«ni(Kl.  and  wliich  wa  niu»t  now  [>roGV«<l  to 
rxplnin.  Tlio  following  i-xpt!riment,wliicli  Udue  to  Sir  laaao  Newton, 
tvill  fuminh  a  tilting  introduction  to  the  suKject. 

On  an  ext«neive  hack(rnMuid  of  black,  let  threu  bright  strips  be 
I  lid  ill  lino,  Kfi  in  the  left-hand  part  of  Fig.  754.  and  looked  at 
thnxigh  a  prtKin  with  Hm  rvfracUng  •-d'.'O  parnllol  to  the  strips.     We 


I  suppoae  the  edge  to  be  upward,  so  that  the  image  ia  laiaed  above 
the  object  The  images,  as  ropr«Rentv<l  in  the  rijbt-baad  pari  of 
Fig.  754.  will  have  the  same  horizontal  dimradona  as  tb«  Ktrip*.  but 
will  be  greatly  exti-ude'l  in  llie  vertical  din-ctinn;  and  each  image, 
instead  of  having  the  uiiiform  colour  of  Uiu  atripa  from  which  it  i> 
derived,  will  be  tinted  with  a  gradual  sucotsHsiou  of  ooluura  from  top 
lo  bottom.    8ueh  Images  are  eaUed  gptctnu 

If  one  of  the  sbipa  <the  middle  on*  in  the  figure)  be  white,  ita 
apectrum  will  oontAin  the  fallowing  serice  of  colciura,  beginning  at 
tile  tup;  vioUi,  Uu«.  ffrten.  ytUoui,  orangt,  ttiL 
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If  one  ot  the  !itTi|M  be  blue  (the  left-liAod  otin  In  Hit  iigun:)j 
image  will  present  bright  colours  at  the  uppt:r  cnil;  and  tliue  will, 
be  identical  with  the  tolours  adjacont  to  them  in  the  spcotnun  i 
white,     The  coluuni  which  form  the  lower  part  of  the  a[i«ctnm  rf^ 
white  will  vithor  he  very  dim  and  dark  in  tho  spectrum  of 
will  l>o  wanting  altogctlter,  being  replaced  by  black. 

If  the  other  atrip  be  red,  ita  image  will  ocmtain  brif>ht  oul<w»l 
the  lower  or  red  end.  and  those  which  belong  to  the  upper  antl  li  I 
spoctrum  of  white  wilt  he  dim  or  absent.     Every  ouloiir  that  i 
in  tho  spoctrum  of  blue  or  of  red  will  also  be  found,  and  in  Umi 
horizontal  line,  in  the  spectrum  of  white.  J 

It  we  employ  othor  eolours  instead  of  blue  or  red,  w«  thall  otitt^fl 
analogous  resulta;  every  colour  will  be  found   tu  give  a  tftdn- 
which  is  identical  with  part  of  the  spectrum  of  w>>i'     '    -'  ----^r* 
colour  and  position,  but  not  generally  as  regardn  1 

Wu  imiy  occasionally  meet  with  a  Ivody  whose  ai»  r^v 

only  of  one  colour.     The  petab  of  »ome  kinds  of  con^ 
spectrum  consisting  only  of  blue,  and  tlic  petais  of  ti.. 
only  red. 

1046.  Composite  Nature  of  Ordinaiy  Ooloun. — ITit 
shows  tliut  thu  colours  presented  by  tlu-  groat  nmji''  -= 
Indies  are  compoeute.     When  a  colour  is  looked  at  with  ' 
«ye,  tlie  »en»ation  exi>ei-ienced  Li  the  joint  cfloct  of  the  vahonci^ 
tary  colours  which  compOE>e  it.   The  prism  aervua  to  revoln  thttfa 
into  ita  components,  and  exhibit  them  sopamttdy.     Thv  r- 
also  shows  ttiat  a  mixture  of  all  the  olemuntory  eolonn  id  fT 
ptoportJoat  prtiihiav-*  whit*. 

1047.  Solar  Spectrum. — Th«  oohnired  strips  in  the  forcgvtiv 
meat  may  be  illuniiiiated  either  by  daylight  ur  hy  any  gf  tbt 
sources  of  artiScial  light    The  former  is  tho  beat,  as  gM-Bj^ 
candl(^•Ught  arc  wry  duficiunt  in  bluv  and  violet  raya 

Colour,  regarded  as  a  i>roperty  of  a  colourtv]  (o]ai[uoI  tuJt.>W 
power  of  selecting  certain  ray»  and  rcllwling  tliciii  viih«r  iil^' 
or  in  larger  proportion  than  otheis.  The  spoctrum  prwdJ  f  * 
body  viewed  by  reflected  li^^lit.  as  ordinaiy  bodies  ars,  oa  d»4 
consist  of  the  roys,  or  a  sulectiun  of  the  raya,  by  which  l^  t'^* 
illuminatod. 

A  beam  of  solar  lif^ht  can  he  dirt-ctly  rcnolvud  into  it*  f.^a^J' 
by  the  following  experiment,  which  i»  sImi  due  to  iir.Ktua.t^ 
the  tirsb  demonstration  of  the  composite  ctiaracter  of  aoJai  t^ 


I 
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Let  a  txwo)  of  «m-Iif;lit  tw  mtinittol  thruu<;1)  n  Hmall  opening  into 
ft  dark  room.  If  allowed  to  fall  nonnally  oo  a  white  Mreea,  it  pro- 
iIdook  (§  938)  a  rcmnd  whit«  spot,  whidi  i»  an  image  of  the  eun.  Now 
l«t  a  prism  be  placed  in  its  path  edge-downwanls,  as  in  Fig.  755;  U)« 


fu  lU  -JMar  Htlnm  k;  >«vlwn'ri  UiUi*>L 


boam  will  thuH  Ix;  di-floctvd  upwards.  aii<I  at  tJie  tMUoe  time  renolved 
into  ita  eompODont  oolonn.  Thi<  iinagn  dcpidcil  on  thi^  scre«n  wilt 
bo  a  inuij-«oIoui«d  band,  rattoiiblitig  th«  spectrum  of  whitu  dwtcrilxt) 
in  g  104ft.  It  will  be  of  tinifonn  width,  and  rouiulcd  off  at  the  cnda, 
b>iog  in  fact  Iniilt  up  of  a  number  of  overlapping  dlacs,  ooe  for  udi 
kind  of  ek-uientary  ray.     It  is  called  Uie  inAar  iip«c(rvm. 

Tliu  rays  which  have  undei^ooe  the  gn.'atefit  deviation  arc  the 
violet  Thej  occupy  tho  upper  end  of  the  spectrum  in  the  tij^re. 
TbcMe  which  have  undergone  the  least  deviation  aro  th«  nrd.  Of  all 
vWblu  rays,  th«  violot  arc  the  mott,  and  the  red  the  hMst  reCrangibla; 
and  tho  nnalyiria  of  light  into  its  ccimponirntA  by  m«uw  of  the  prism  is 
dtu  to  dtiremiee  of  rcfraupUlity.  If  a  ninAll  op«>ning  is  made  in  the 
ii,Mas  toallow  rays  of  only  on«  colour  l»  paoi,  it  will  be  fouiut 
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on  trarumitttng  these  through  a  second  prUm  behind  the  se(MB,« 
in  Fig.  755,  Utat  no  furtlicr  on&lyBui  can  bo  ellcctcJ.  and  th«  ■mitk 
of  Uio  image  foniicJ  by  receiving  thi«  tnuistuiitod  light  on  ft 
acreen  will  be  of  tliifl  one  colour. 

1048.  Uode  of  obuioing  a  Pure  Speetmm. — ^The  spectra  obtaimd 
hy  the  meUioda  abo%'e  deacribed  are  built  up  of  a  ountber  ol  om- 
lapping  imagM  of  different  colours.  To  prevent  this  overlapping,i»l 
obtain  each  elementary  colour  pure  from  all  tulmixture  vriUi  tbsm^ 
we  must  in  (h«  lirat  place  employ  as  tbo  object  for  yieldiii{[  lb 
iroageA  a  very  narrow  line;  and  in  the  second  plnctt  wv  must  ttb 
care  that  the  images  which  wo  obtain  of  this  linn  nru  not  UmiBt 
but  have  the  grcatOHt  possible  sbarpneM^  A  spectrum 
tliodo  eharoctcrisUci  is  called  pure:. 

Tlie  sinipleot  mode  of  obteiuing  a  pure  apectrum 
looking  Uirough  a  priam  at  a  tine  alit  in  the  ahuticr  of  a  dark 
The  edges  of  the  prism  must  be  parallel  to  Uie  slit,  and  iu  Soaao 
from  the  ftlit  should  be  five  feet  or  upwards.  The  observer,  pbdai 
his  eye  dose  to  tliu  prism,  will  f*M  a  npectrum ;  and  he  sbooM  nM> 
the  prism  on  its  axis  until  he  hut  brouj;ht  this  «pvctnuii  IftiK 
MiuiUeat  angular  distance  from  the  real  alit,  of  which  it  is  Uieinit 
Let  E  (Fig.  756)  be  the  position  of  th»  eyv.  S  tliat  t>r  Ik  ^ 
Then  the  extreme  red  and  violet  images  of  ih«  slit  will  bsMiil 
K,  V,  at  distances  from  the  prism  sensibly  equal  to  tbe  rsal 
of  S  (§  097);  and  tlie  otlier  images,  which  compose  tbe 

of  the  spectrum,  will  oceiqif  ^ 
tionn  between  B  and  V.  lb 
spectrum,  in  tfab  mo'teof  if^ 
ing,  is  vtrtoaL 

To  obtain  a  real  spBdi^it* 
state  of  purity,  a  eodta  t* 
must  be  ompluyrd.  Lrt  iJtt  !• 
I.  (i-lg.  757>  im  Am  i^aoi* 
such  a  jMwitioQ  aa  lo  tLn«  * 
sharp  imnfTo  of  Um  slh  S  ^ 
ncTM-Arf«>crtn,r.tiMM«iaf.ru.S|iM^  a scncn  at  I.     NVxt  k«B|aB 

P  bt^  ititrwluoeil  livtwns  liit )» 
and  screen,  and  rotated  on  its  a-tis  till  the  position  of  minititipp ' 
tion  it!  obtained,  as  shown  by  the  movements  of  the  impute 
which  travels  about  the  walls  of  the  room.  'Dien  if  tiw  tam»^ 
moved  into  the  position  R  V,  its  distance  ftam  the  prim  b«i|  l^t 
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I  ii  baf^.  ft  pure  spectrura  mil  be  Jepicted  upon  it.    A  siniilsr 

It  ctii  be  uUttined  by  placing  the  prism  between  the  lens  and 

Uw  ilit,  but  Uio  uljUHtments  ai«  rather  more  troableeouifi.    Dirod 


son-tight,  or  Run-liglit  reflected  from  a  mirror  pUcod  outoide  til* 
shutter,  is  neoesssry  for  this  experiment,  aa  sky-light  ia  not  kuS- 
dently  powerful  It  U  oaual,  in  experiments  of  this  kind,  to  em- 
ploy a  movable  mirror  called  a  MuMtat,  by  means  of  wkJeb  iht  light 
can  be  rctIvct4^d  in  any  required  diroctaoo.  Sotnatimes  the  movo- 
tnent»  of  tJie  mirror  are  obtained  by  hand;  aometimes  by  an  ingcniotm 
clock-work  arrangement,  which  cauaes  the  reflec(«d  beam  to  keep  iti> 
direction  unchanged  notwithstanding  the  progress  of  the  sun  through 
the  heavens. 

The  advantage  of  placing  the  primn  in  the  position  of  minimum 
iTbtion  is  twofold,  fmt,  tlie  adjustments  are  faeiliUted  by  tlto 
'equality  of  conjugate  focal  distances,  wluch  tubuAta  bi  this  ease  aikd 
in  tliis  only.  Secondly  and  chiefly,  this  is  the  only  position  in  which 
the  images  are  not  blurred.  In  any  other  position  it  can  be  shown' 
that  a  small  oone  of  homogeniwUB  incident  rays  is  no  longer  a  cono 
Jthst  ia,  its  rays  do  not  accurately  pass  through  one  point)  after 
iiission  through  tho  priNiii. 
Tlie  mothoil  of  obscrvatiun  juat  deacribad  was  om])loyed  by 
ollaaton.  in  the  earliest  obeervations  of  a  pure  spodnini  ever 
ibtaine<i  Fraunhofcr,  a  few  y«tar9  Ut«r.  inilL'()«!iidfntly  devised  lite 
ift  method,  and  curriuti  it  to  much  ^-ntor  jicrf^'ctiun.  Instead  of 
king  at  thr  virtual  image  wiUt  the  naked  eyo,  hv  vivwrd  it  through 
telescope,  which  greatly  magniflfxl  it.ntid  n'vi«lfd  w^vonl  featuros 
ir  before  detected.  The  pri^tu  and  tel<;»cuj>e  were  at  a  diataaes 
24  feet  from  the  slit. 
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1049.  Dtrk  Lines  in  the  Solar  Speetmni. — Wheii  «  pore  fpsctnuB 
of  solar  light  is  oxamiued  by  aiiy  of  these  tnetbods,  it  u  Mcd  ta  im 
traveiscd  by  numvroua  dark  ItDiis,  coostitultng.  if  we  tuay  m  my. 
dork  images  of  the  slib.  Each  of  these  h  an  i&dieaiinu  Ihut  %  jar- 
ticular  kind  of  elementary  ray  is  wanting'  id  solar  lij^bL  Ewi^ 
elomoDtary  ray  that  is  present  gives  its  own  image  of  tbe  altt  in  ili 
own  peculiar  colour;  and  tb«w  tmagee  are  arranged  in  •-'  k- 
tiguity,  80  AS  to  form  a  continuous  band  of  light  pniviing  >  '  y 

gradual  transitions  through  Uie  whole  range  of  idiaple  cc 
at  the  narrow  intervals  occupied  by  the  dark  line*.    Ki|^,  1. 1  mi-: 
is  a  rough  reprwentatiou  of  the  appearance  thus  pre&''nt«d.    U  i 
alit  is  illuminated  by  a  gu  flame,  or  by  any  onlinarj  lamp,  nnfn^ 
of  by  flolar  light,  no  aueb  lines  ore  seen,  but  a  purfvctly  oaattaum 
spectnuii  is  obtained.  Tbe  dark  lines  are  thcri^forp  not  cluuaetoriitii 
of  light  in  general,  but  only  of  solar  light. 

Wollaabon  saw  and  described  some  of  the  mora  c<nM|iic 
them.  Fraunhofer  oouDt«d  about  600,  and  marked  thn  plaoM  nf  ?M 
upon  a  map  of  the  spectrum,  diftinguuihing  some  o[  thtf  m 
apicuous  by  the  names  of  Icttcn  of  the  alphabet,  as  imliutod  u  14.  i 
Those  lines  are  oonstantly  referred  to  at  roforeaee  luarka  Dr  (W 
accurate  si)ocittcation  of  different  jwrtioni  of  the  spcNrtrum.  Tti^ 
always  occur  in  precisely  the  same  plaoes  as  rvgnrda  colour. 
nut  retaiu  exactly  the  same  relative  (Uetaaoea  oue  from  atK.'tlLi  t 
prisUDii  of  diiferent  materials  are  employed,  difTttmnt 
iin  being  unequally  expanded  1^  dlffurviit 
noee.*  The  ioeqnality,  however,  b  not  «o  gr>-al.  m 
any  diGBcuIty  in  the  identification  of  the  lines. 

Hie  dark  lines  in  the  solar  spectrum  are  ofton  call-  .1  I'nm 
lines,     Fraunhofer  himself  called  them  the  "tiju-fl  liri.  , " 

1000.  lovisiblo  Bays  of  tJie  Speetrom.— The  bi  1 
spectruin,  however  obtained,  is  by  no  meanM  <-< . ' 
is  greatest  betwe^]  tbe  dark  lines  D  and  E;  tli-. 
yellow  and  tb«  neighbouring  coloun  oratigo  and   i 
ialh  off  f^mdually  on  both  sides.  * 

The  heating  cfl>«t  upon  a  mnoll  thennORiot«r  or  tho""-'-'-'-*  » 
creases  in  going  from  the  violet  to  the  red.  and  atill  ' 
increase  for  a  certain  distance  beyond  the  viaililo  apcctivoi 
red  end.    Prisms  and  Icneos  of  rock -sail  should  ba  mnploywd : 

*  Ptotxtblf  Mt  abKluulv  witi^,  hit  M  babk  m  to  mff*  bUik  by  1 
■  Tbi*  proptttj  ii  oUed  lilt  ImUifMiiiy  »/  ditptnlon. 
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iovestigfttion,  u  gitm  lugely  ftbaorta  tJie  invUible  nys  which  He 

bejoiid  the  red. 

Wlioo  the  spcetmni  is  thrown  upon  the  nensitizeil  paper  employed 
in  photo}^phy,  the  action  i»  very  feeble  iu  the  red,  stroo);;  in  tilt 
blue  otid  viulut,  and  is  sensible  to  a  great  diatanoe  b«yoDd  tliu  violet 
end.  When  jjropvr  prccautioiu  are  takon  to  insur«  a  vtry  pure 
i^tectrum,  tlie  pltotogimpb  revoalM  tlio  cxislence  uf  dork  linos,  lik« 
Uioae  of  Fraunhofer,  in  the  invisible  ultra-ricJet  portjon  of  the  spoc- 
tnim.     Tlie  strongest  of  these  have  been  named  L,  M,  N,  O,  P. 

lOSl.  Phosphorescence  and  FluorMeenoa. —  There  are  some  sub- 
Btancett  which,  aft«r  bving  exposed  in  the  son,  are  found  for  a  long 
time  to  ajipMU-  aelf-luminoiu  when  viewed  in  the  dark,  and  thiif 


nc  TM.-»««ffi|-«  Hilll II 


witlioot  any  Bigns  of  oombuition  or  seiuiblo  vlevatinn  of  lrin[<iTature. 
Such  Mubatance*  arc  called  jiho&ph>rttcent,  Sulphurct  ol  coloiuto  and 
mlphurat  of  barium  have  lon^;  Ixtrn  not«d  for  thU  propertir,  and  have 
hence  been  colled  reepecUvely  Canton'$  ]Jio»])liorvs,  and  lioloffTia 
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photfAorm.    The  phenomenon  U  chiefly  dae  to  ibo  wtiao  of  tlw 
violet  and  ultra- violet  p'jrlion  of  tlie  sun's  r&ys. 

More  recent  invustigatious  have  showo  Uiat  tlie  mue  ]iropsrty 
exists  in  a  much  lower  degn-e  in  an  iiamenae  number  of  bodin,  tMr 
pboephoresoeQce  continuing,  in  uioHt  catws,  only  for  a  fndiao  of  t 
second  after  their  withdrawal  from  the  san'a  rajrs.  E.  B4«querpl  hM 
contrived  an  instrument,  called  the  jitu»ph<yro»eop»,  wlueii  i>  «■ 
trL>mcly  appropriate  for  the  observation  of  ihi»  phoDonusum.  It  ii 
represented  in  Fij;.  75S.  Itii  most  charaeteristic  ftratnre  u  a  jwirtf 
rigiiUy  connectf'd  diitffi  (Fig.  759),  oaeh  jMorcod  iritli  foor  opefifaigh 
those  of  tlie  one  being  not  opposite  but  midway  between  tboae  of  tin 
other.  This  pair  of  dism  can  be  set  in  vny 
rapid  rotation  by  means  of  a  seriea  oC  whiili 
and  pinions.  The  body  to  be  exambed  ii 
attached  to  a  fixed  atAod  butweto  tbr  in 
dlieti.  so  that  it  is  altomataly  axposod  ta 
opi>08ite  aidef)  as  the  discs  rotate.  Ooe  ah 
ia  turned  towards  the  sun,  and  the  otbc 
towards  the  oli6er%'cr,  who  aooordin|:ly  oaly 
seoH  the  body  whoD  it  is  not  exposed  to  (b 
son's  rays,  llie  cylindrical  case  willa 
which  Uie  diflcs  revolve,  w  (jtt4.>d  into  a  hoi* 
in  the  shutter  of  a  ilarlc  room,  and  b  fiend 
with  an  opening  on  cadi  aide  exactly  oppoeito  the  poaitioa  in  «UA 
the  body  is  fixed.  The  body,  if  not  phospboraweont,  will  never  bp  ma 
by  the  ob«cr\-cr,  as  it  is  always  in  darkneoa  «xeept  when  it  'a  IikUm 
by  the  intervening  disa  U  its  pliospbonreseanor  lasts  as  Iodj^sim 
eighth  part  of  the  time  of  one  rotation,  ii  will  boeotne  riaibis  b  lb 
darkness. 

Nearly  all  bodies,  when  thus  examined,  show  tncea  of  pboifto' 
i-»cencc,  tdsting,  however,  in  some  eases,  only  for  a  ten-tboaa»tt 
of  a  i<oco»d. 

The  phenomenon  of  fiiMrf.$eenc*,  which  Ih  illustrvted  is  Fist*  0. 
ficcompanying  §  S17,  appears  to  be  CBsentially  ideotieal  with  |i* 
phoresccnce.  The  former  name  is  applied  to  the  pheoaoMnMk  if  '^ 
is  o)i«<:rvcd  while  tlic  body  ia  actually  exposed  to  the  Kisres of  BfliL 
the  latter  to  the  cfTect  of  the  same  kind,  but  ttsually  l«as  taMM 
which  It  olwcrvcd  after  the  light  from  the  s<iurc<<  is  cut  off  BoA 
forms  of  the  ph<'nomenon  occur  in  a  strongly -tnarked  degrss  is  tb 
sauiebodies.  Canary-glas9,which  tsculourod  withoxidBofazuisKik 
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a  vRty  ooDvenientmat^riAlfurtheexhibitioDof  fluoresoenoc  A  thick 
|M«co  of  it.  held  in  the  violet  or  ultra-violet  portion  of  tlio  Milsr 
apuctruiD,  is  filled  to  tho  depth  of  fix»n  J  to  J  of  ui  tudi  with  a  f&iot 
lubulowt  lifjhL  A  solution  of  8u]phat«of  quinine  ia  abo  frei^tiently 
I  «iDplojed  for  exhibiting  the  same  eflect,  the  luminMlty  in  this  casa 
being  bluish.  If  the  solar  spectrum  be  thrown  upon  a  screen  freatily 
waahed  with  sulphate  of  quinine,  the  ultra-violet  portion  will  becoma 
viaible  by  fiuorcscenco ;  and  if  llie  spectrum  be  very  pare,  th«  pv*> 
Moee  of  dark  lines  in  tliis  portion  will  be  detected. 

The  li^t  of  the  electric  lamp  is  parUcuInrly  rich  in  ultn-violot 
nys.  thU  portion  of  its  !tpc«tru>n  being  much  longer  than  in  the  c«M 
of  solar  light,  and  about  twice  as  long  as  the  spectrum  of  luiitinooa 
rays.  Prisma  and  lensee  of  quartz  should  be  employed  for  this  pur- 
pOM.aM  this  material  is  specially  transparent  to  tJiohighly-rofrangibIt 
raya  Fltnt^gtoM  prisms,  however,  if  of  good  quality,  atuwor  well 
in  operating  on  solar  light  The  luminosity  produced  by  fluoretwcnce 
has  sensiMy  the  same  tint  in  all  porta  of  the  spectrum  in  which  it 
oociirs,  and  depends  ujmn  the  tluoreiMent  aubetance  employed,  l^ris- 
matic  analysis  ia  not  neceaaary  to  the  exhibition  of  fluonwoeooei.  Tho 
{ihi'iiontRtion  \n  very  coiiHpicuoiit  whsa  tho  olootric  discharge  of  a 
HdIu'm  machine  or  a  KuhiukurtTa  ooU  it  pawod  sear  fluoreaoent 
HUbMtance!t,and  it  ia  faintly  viiiible  when  thcee  suliatancce  are  examined 
in  bright  sunshine.  Tlie  light  emitted  by  a  fluorescent  aubstanci-  ia 
found  by  aoalyBis  not  to  be  homogeneous,  bat  to  consist  of  mys 
having  a  wide  range  of  refrangibilt^. 

The  ultra-\*iolet  rays,  though  usually  styled  invisible,  an  Mt 
altogether  deserving  ot  thin  title.  By  keeping  all  (he  rast  of  the 
npoctram  out  ot  sight,  and  carefully  excluding  all  extraaeoua  light, 
tile  eye  ia  enabled  to  perceive  these  highly  refrangible  ra^-s.     Their 

Ioolour  is  described  ■■  laveitder-gray  or  bluish  white,  and  has  been 
attributed,  with  much  af^-aranco  of  prolalnlity.  to  fluoresoenoe  of 
the  retina.  The  ultm-ri-<i  rays,  on  tho  other  Imnd.  an*  never  seen; 
but  tliis  may  be  owing  to  the  fact,  whidt  han  \mvn  establijihed  by 
experiment,  that  they  are  largely,  if  not  entirely,  alAorbed  before 
they  can  ri?ach  the  n'tino. 
1052.  BsoompoaitioB  of  White  Light. — Tlte  composite  nature  of 
white  light  can  be  established  by  actual  synthesia  This  can  be 
done  In  several  ways. 
1.  If  a  Mxtinil  prism,  preeiaoly  rimilar  to  the  Snt,  but  with  its 
refracting  edge  turned  the  eoatrary  way.  ia  intiirposed  in  tlie  patJi  of 
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the  coloured  beun.  very  noai  ita  plnco  of  emergence  from  lie  firet 
pmtn,  the  deviation  iirodiiood  1^  the  second  prism  will  hr  •-<]iul  utd 
opponite  to  that  produced  by  the  first,  the  two  primuj  will  prodnei 
the  ett'ect  of  a  parallel  plat«,  and  tJie  tuiage  on  the  mcnax  will  b«  i 
white  spot,  Dearly  in  the  aame  poeitton  as  if  the  prumt  <mtn 
rVDiovfd, 

2.  I^t  a  convex  Iimis  (Fi^.  700)  be  interposed  in  the  path  of  tbi 
coloured  heaui,  in  nucIi  n  mannvr  that  it  receives  all  tbt  rays,  and 
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that  the  Dcrcen  an<l  tho  [nriHtn  are  at  coiyugaU)  focnl  dtstaMM,  Tim 
image  thus  obtained  on  the  screen  will  be  white,  at  leaat  in  ita  ob- 
tral  portions. 

S.  Let  a  number  of  plane  roirrora  be  placed  M  M  to  l«aeiv«  tit 
Bucoessive  coloured  rays,  and  to  reflect  them  all  to  one  pnjat  el  > 
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screen,  as  in  Pig.  761.    The  bright  spot  thaa  fortDwl  will  be  wUl* 
or  approximately  white. 

More  complete  inforination  rwpMtiog  the  mixture  of  eolnan  vtl 
be  given  in  the  next  chapter. 
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1053,  Speetrowopo. — Wlivn  wo  hnva  ublainod  a  pun  upcctrum  lir 
may  of  the  mothodK  ttbuvu  iiulicat4?d,  we  hava  in  fact  «flect«ii  on 
ao&lysifl  of  tiro  light  with  which  thv  nlit  a  illuminated.  In  noont 
jreatH,  nuuiy  forinit  of  a]>[>«riitus  have  been  constructed  for  tlii^  pur- 
pow,  aoiivT  the  nuuu  of  tjwtrotoopa. 

A  spectroscope  usually  contatna,  beaidoi  a  iilit.  a  priam,  and  a 
tiJeaeope  (aa  in  Fraunhofor'a  method  of  obeervation),  a  convex  lemi 
called  a  eoltimator,  which  is  fixed  between  the  prism  aad  the  slil. 
at  the  distance  of  its  principal  focal  length  (torn  the  latter.  The  effect 
of  tliU  arraiigvinvnt  itt,  that  rnys  from  suy  point  of  the  slit  oioei]^ 
[ttrallol,  as  if  they  caino  from  a  much  Uurg«r  itUt  {Uie  virtual  ima|^ 
of  the  real  slit)  at  a  much  greater  distance.  The  prism  (set  at 
minimam  deriation)  forms  a  virtual  image  of  this  imagt;  at  the  same 
distance,  but  in  a  diA*«rent  direction,  on  the  principle  of  Fig.  7&7. 
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I  this  second  virtual  image  the  telescope  ia  directed,  being  fooiUMtl 
I      ao  if  fur  a  vtxy  distant  ol^jcct. 
[  Fig.  7tIS  represeuta  a  spectroeoope  tliua  constructed.     The  lube  of 
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the  collimator  is  the  further  tube  in  thv  tiLn>t^\  the  lets  bettig  si  tht 
end  of  the  tube  next  the  prism,  whik-  at  tlio  tax  ttui,  doM  to  Uu 
lamp  tUme,  there  is  a  Alit  (not  visilile  in  th«  figuro)  conaiirtltig  ol  u 
opcQtn.:;  b(;tween  tn-o  parallel  knife-et^es,  one  of  which  aui  be  nond 
to  or  from  tlie  other  hy  turning  a  screw.  The  knife-edges  moot  be 
very  tnio,  both  as  regards  stniightncss  and  p«rall«li)uu,  aa  it  is  ofliA 
neceesary  to  make  tht-  slit  exceedingly  narrow,  The  tuVto  on  th*  Ult 
band  is  the  teleiicopu,  fumislied  with  a  broa<l  guard  to  aereeti  the  aj* 
from  oxtmneous  liglit  The  near  tube,  with  a  caodte  opponte  ttt 
end,  it  for  pur|»j:(eei  of  measurement.  It  ooatains,  at  the  and  neA 
the  candle,  a  scale  of  equal  parts,  engraved  or  pliotographed  on  gba. 
At  the  other  end  of  the  tabe  U  a  culltmating  lena,  at  thu  distant  of 
its  own  focal  lun^i  from  the  Male;  and  the  collitimtur  in  net  wi  \hii 
its  axis  and  the  axli  of  the  telescope  make  equal  angloH  with  tb 
near  fae«  of  Uie  prism.  Ilie  observer  thus  ev«s  in  the  telaaeofw.  I7 
reflection  from  the  surface  of  the  primn,  a  lua^iGed  inll^^  uf  U>* 
acale,  serving  as  a  standard  of  reference  for  amigning  Ui«  positiiai 
of  the  lines  in  any  Hpectrtim  which  may  be  under  examinMktD.  lU* 
arrangement  afford*  great  facilities  for  rapid  o)»crvAtioii. 

Another  plan  is,  for  the  arm  which  carries  the  toleaoope  te  k 
ntovable  round  a  graduated  circle,  tlie  telescope  Itoing  fnznisbed  vilb 
eross-wircs,  whidi  the  observer  must  bring  into  coiuddeore  wiUiiqr 
line  whoeo  position  he  d*!sircs  to  mcaHUru. 

Arrai^ments  arc  frequuntly  made  for  seeing  the  qM>ctrft  of  tn 
diflcrent  sourcce  of  light  in  tlic  Mme  field  of  view,  one  half  i>f  Ih* 
length  of  the  slit  being  illuminated  by  the  direct  rsn  d 
one  of  the  soui-co^,  while  a  reflector,  plai*ed  lijipiMib'  iV 
other  half  of  the  slit,  suppUen  it  with  roSix-tcd  li(fct 
derived  from  the  other  Kuurce.  T)ii«  inrtbod  Jn/M 
always  be  employed  when  tliere  Ui  a  i|ucHtlou  w  b*  <kr 
exact  c^cidenoe  of  linee  in  the  two  Rpectia.  Tb«  r*- 
flector  is  usually  an  equilatcml  priMn.  The  Uybl  <bUd 
normally  at  one  uf  ttt*  fiuxx*.  v*  t>Jtally  rnfleoted  atanatlK, 
and  euieigoK  noniutlly  at  tJie  third,  aa  in  the  annoxed  aketcb  (Ti^ 
703),  where  the  dotted  line  represents  the  {wtb  of  a  rmy. 

A  one-prism  spectroscope  is  aui])ly  sulDcirut  for  the  ordinaiy  p«- 
posea  of  ehemistry.  For  some  Ai^truoomical  application*  a  mA 
greater  dispcrsioo  is  roquire^l.  This  ia  attaiined  by  making  tb»  Gfkl 
pa»t  through  a  num1)cr  of  prisms  in  sueocnioo.  «Ach  Ix^in;;  itet  in  tk* 
proper  position  for  giving  minimum  deviation  to  thn  raya  whkti  ba** 
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[MMd  throng  Us  predeceAsor.  Fig.  7G4  reprawnts  Uio  grouml  jiliu) 
of  audi  a  baUcry  of  priuDs,  and  hIiowh  Uie  gradually-  iDcreasiag  widUi 
of  a  pencil  as  it  lutwwii  round  lliv 
Mcim  of  nine  priKDw  on  itn  way 
bom  ihu  collimator  to  Uie  t«lr- 
■oopok  Tbo  pri&m§  are  usually 
connected  by  a  Mj>ccial  arraogi:- 
ment,  wliieh  «nabl4»  tiie  obe«rvor, 
b)'  a  single  niovt-tm>nl,  to  briiijj 
all  tins  prisma  at  once  Into  tim 
proper  [<o«ution  for  giving  mini- 
mum doviaUun  to  Uiu  particular 
ray  under  exauiiiiution,  a  position 
wbich  differs  considerably  for  rays 
of  difTorvnt  refrBo^ibiUtiea 

lOM.  Um  of  Collimator.— Tlio 
introduction  of  n coUiinAtin^  Uiu-. 
to  Iw  used  in  coigutiction  with  a 
priam  and  observing  t«l«80ope,  u 
due  to  Profeaaor  Swan.'  Frauu* 
hufur  employed  do  oollimator;  but  hb  prwro  waa  at  a  distance  of 
24  feet  from  tli«  olit,  wliureas  a  distance  of  leea  than  1  foot  tiufficM 
when  a  rollinmUir  in  uxed. 

It  in  obviou-H  tliat  lioiiiogeiMtouH  li^lit,  coming  from  a  point  at  tha 
dfartanoe  of  a  foot,  and  falling  ujion  tlie  whole  of  one  face  of  a  priflui 
—My  an  inch  in  width,  cannot  all  liave  the  incidence  proper  for 
nillimum  di'viation.  TIiom  ray«  winch  wry  nearly  fulfil  tbU  con- 
ilition.  will  concur  in  fonnuig  n  tulrmbly  nlior^i  iiuiigv,  in  Uio  paal- 
tion  which  wt-  hnvt^  alreaily  indicated.  The  emergent  ray*  taken  aa 
a  whole,  do  not  diverge  from  any  one  (Miint,  but  are  tangonia  to  a 
virtual  caustic  (§  974).  An  oye  rocoivtng  any  portion  of  tbooo  raya, 
will  MM)  on  image  in  tlw  direction  of  a  tangent  from  Out  oyv  to  titr 
cktiatic:  and  llii»  image  will  be  the  moru  Uurml  «■  the  deviation  in 
farther  from  the  minimum.  When  tlie  nalcod  eyo  ia  enplt^ed,  and 
tilt-  prism  is  so  adjusted  (hat  thi<  cvntn-  of  Uit-  pupil  receives  rays  of 
minimum  deviation,  a  (lislaiicc  of  livr  or  nix  feet  betwoan  thv  priuo 
and  slit  is  sufficient  to  give  a  sliorf)  iuui^;  Init  if  we  enplt^  on 
obHTviag  toleimijw  wIioao  objet-t-^UuM  is  live  tiiiuja  larger  in  dismi^lBr 
tiiaa  the  pupil  of  tlie  eye.  we  must  inerooao  tlie  duttonoe  bat»c«u  the 
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priam  and  slit  fivefoKI  to  ubtoin  uquitlly  good  (lefltution.     A 
mating  lena,  if  ocbrotn&Uc  and  of  good  quality,  giv«a  the  advutap 
of  good  delinition  without  iaconvement  length. 

When  exact  uicaBures  of  deviation  are  required,  it  confan  tki 
lurtlter  ad\-anta^  of  altugcthur  diApcnniiig  with  ft  very  ttoubhMHW 
correction  Cor  parallax. 

10S&.  Different  Klads  of  SiMCtra. — The  exaitiiriation  ot  a  gntf 
variety  uf  sourcf^  of  light  has  showD  that  spectra  may  be  diriiM 
into  Uie  following  clasHes: — 

1.  The  solar  spectrum  is  characterized,  an  aln-ady  oh«rrved.  hjt 
dofiuito  system  of  dark  lines  int«mifiting  an  uthvnviwt  ooatimiiw 
euceoBdon  of  colours.  The  saou:  aystfm  of  dark  lines  is  foBod  ntkt 
si>octra  of  the  moon  and  planets,  tbia  being  tuerely  a  cotMcquene*  ti 
tlie  Fact  that  they  sbinv  by  tho  reflected  light  of  the  son.  Ilia  apKla 
of  the  ttxed  stars  also  contain  itystcnvi  of  ditrk  iiutu.  which  an  ditlcnM 
for  diflewnt  stars. 

S.  Tho  spectra  of  incaiideeceiit  solids  and  liquids  am  ixiunihfch 
contiuuoua,  oontaiuing  light  of  all  rofnuigibilities  froco  llw  mUi 
red  to  a  hi^er  Umit  depending  on  the  tvmperst^arv. 

3.  Flames  not  containing  iM>li<l  portiolM  in  MUipvnaion,  but  m»ij 
emittuig  tliv  light  of  incande«e«nt  gaaoA,  giw  a  diaoootinaoatifM- 
trum,  consisting  of  a  Unite  number  of  bright  litica.     Tfa»  euutiaitly 
of  the  »[Miclruni  of  a  goH  or  candle  lUme,  arises  from  the  CuS  ik^ 
nearly  all  the  light  of  the  flame  is  emitted  by  incaudeMwtl  |>f4H 
of  solid  carbon, — particles  which  wo  cou  canity  colluct  in  the  tvmd 
aoot    Whfin  a  gos-flama  is  fed  with  an  excesai\-e  quantity  at  m.m 
in  Bun»cn's  burner,  the  separation  of  the  solid  parUchia  of  oiha 
from  tlte  hydrogen  with  which  they  were  oomUoed,  no  tuQgn  bkv 
[>lace;  the  combustion  is  purely  gasoous,  and  thu  apeetraa  af  t* 
flame  is  found  to  consist  of  bright  lines.    Wlit-rt  tlia  ehxbk  light  a 
pTx>duoed  hetwucn  metallic  terminals,  its  ikpoctruai  contaim  ^^^ 
lines  du<!  to  the  incandescent  vapour  of  tboso  mctal^  tog«lh«  ^ 
other  bright  lines  dtie  to  the  incandesoenoe'of  th«  oxynu  mi  il^ 
gen  of  Utc  air.     When  it  is  taken  between  eliarooal  UnBiwk  * 
Kp)-<-tnim  i.4  ooutinuous;   but  if  metailio  pArtietaa  b«  piHMtt.  ife 
bright  lines  due  to  their  vapours  can  be  seen  sa  wall. 

The  spectrum  of  the  electric  discharge  in  a  OflisBler'e  tsbe  auM* 
of  bright  linos  characbiri^ic  of  the  gas  GoatAii)ci|  in  the  tuba 

1006.  Spectrum  Analysis.— As  the  apectrum  axhibit«d  byaMB- 
pound  substance  when  subjected  (o  the  action  of  heal,  is  (isq— ^F 
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fuuiKl  to  lie  id«nUo&I  witlt  Uiv  8p«ctrtiin  of  one  of  lU  oonaUtuonb*,  or 
to  consist  of  Uic  spectra  uf  ita  ooDftUtuoiiU  suiwriiiipoficd,'  tho  Npeo- 
trmoopo  nllVinU  nn  vxc^uiiingly  nady  tn«tliod  of  |K-rforining  ((ualit*- 
tivo  uulyKW. 

tf  a  salt  of  a  metal  wliioh  is  eoAiIy  volatilized  ia  introduced  into  a 
Buiuon  lamp-flame,  by  means  of  s  loop  of  platiouu  wire,  bbe  brjgtit 
lines  whkh  form  tli«  spoctrum  of  the  metal  will  at  onoo  bo  Men 
in  a  «pcctroaoop«  dircctetl  to  the  flame;  and  tliu  spectrum  of  tlie 
Bunscn  flame  itaelf  i»  too  faint  to  introduce  any  confusion.  For 
tliu4i>  mrtaU  which  require  a  higher  temperature  to  volatilixo  them, 
electric  discharge  ia  usually  employed,  Geissler's  tulxM  ore  com- 
monly used  for  guee. 

Plate  IIL  contains  representations  of  the  spt-ctra  of  sevural  of  the 
more  caiiily  volatilized  m«tal»,  an  well  ••  of  pliosphorus  and  hydro- 
gen; and  the  solar  spectrum  b  given  at  the  top  for  coinpari.'><on. 
The  bright  lines  of  some  of  these  substances  are  precisely  coincident 
with  MMi>e  of  the  dark  lines  in  the  solar  apectrum. 

The  fact  thai  eertain  mhstanoeti  when  incandescent  give  definite 
brritht  lioM,  has  boon  known  for  many  yrare,  from  the  raiearcbes  of 
Brewtitiir,  Hnnrliel,  TalWt,  and  othcnt;  but  it  wttt  fur  a  lon^  time 
thought  that  the  Name  lino  might  M?  {mxluocd  by  dilFcrcut  sub- 
atoDOM,  luote  especially  as  the  bright  yellow  line  of  aodium  was 
uftcn  seen  in  flames  in  which  that-  metal  was  not  supposed  to  be 
present.  Professor  Swan,  having  ascertained  Uiat  the  presence  of 
the  2,5OO,0O0tli  part  of  a  grain  of  sodium  In  a  flame  was  sutBcient 
to  produce  it,  oonaidered  binuelf  jUHtifled  in  asserting,  in  1826,  that 
this  line  was  always  to  be  taken  as  an  indication  of  the  presence  of 
sodium  in  larger  or  omaller  quantity. 

But  till'  <|p-€atcst  advance  !q  spectral  analysis  was  made  by  Bunscn 
and  Kircliholf,  who,  by  means  of  a  four-prisin  spectroscope, obtained 
•ecurmte  ubscrvatioiui  of  the  pusitiona  of  the  bright  Unoa  in  tho 
speetfm  of  a  great  number  of  substancea,  as  well  a*  of  the  dork  linos 
in  the  solar  spectrum,  and  called  attention  to  the  identity  uf  aovaia] 
of  the  latter  with  several  of  the  former.  Since  the  inibtioatiun  of 
their  researches,  the  spcctroact^  luui  come  into  general  use  among 
cbetiiUtK,  and  has  alrea^ly  led  to  the  dtsoovery  of  four  new  metals, 
CMsiuiit,  rubidium,  tliallium,  and  indium. 

lOfl?.  Beveraal  of  Brlgbt  Lines.     AaaljsU  of  Ute  Sso's  Atmosphert. 

•Mi^aead  u  Ufh  I»mhimiI>i>w. 

« 
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— It  may  seem  surpriuDg  Uiat,  while  incandewcDt  eolidk  uvl  liqnidi 
are  found  to  givo  continuous  spectra  containin>;  rajn  of  all  nfiw- 
gibilitiee,  the  eolor  spectruni  is  iDt«rrupt«d  by  dark  Uiwa  indicatJB| 
the  aWiico  or  relaUvc  fcvblcncm  of  evrtatn  olomentery  tayi.  It 
siMiins  natural  to  8uppoA«  that  the  deticicat  n^'s  liave  bwm  rBHturod  \)j 
selcetivc  absorption,  and  thi-t  conjecture  was  thrown  out  long  ika. 
But  where  and  how  is  this  ahsorption  produced*  TlieM  qaartMa 
have  now  receiv(;d  an  answer  which  appeant  complL>t«ly  MaU*&Kt«ry. 

According  to  the  theory  o(  excliangos,  which  luka  hvta  txjilaiMd 
in  connection  with  tltc  radiation  of  heat  (§  4Gi.  4S:)),  ev«ry  ■ulxtMn 
which  emits  certain  kinds  of  rays  to  the  exclusion  of  othcn,  abaort* 
the  same  kind  which  it  enjite;  and  when  its  temperature  b  theaw 
in  the  two  cases  compared,  its  emissive  and  absorbing  power  are  ]»■ 
caxely  e<}ual  for  any  ono  «loincnlary  ray. 

When  an   incandescent   vapour,  emitting   only   raya  of  oHtoii 
detinite  refrangibiUtics,  and  therefore  having  a  K[>cctmni  of  Ui^ 
Unea,  is  interposed  between  the  observer  and  a  very  bright  mnor 
of  light,  (jiving  a  continuous  spectrum,  the  vapour  allowa  ik>  ran*/ 
its  own  peculiar  kinds  t^i  pass;  so  tliat  the  light  which  actually  an* 
to  the  observer  consists  of  Iransmittisd  rayii  in  wht  ix  thnte  imntnikr 
kinds  are  wanting,  toguUior  with  tt>e  rays  aini*J«d  by  thr  vifmt 
itself ,  theee  latter  being  of  precisely  the  same  kind  as  Uiom  i« hici  it 
has  refused  to  tranitmit.   It  depends  on  the  relative  brightiMM a(  lb 
two  sources  whether  these  particular  mys  aball  ba  on  the  wkli  ii 
excess  or  defect  as  compared  with  the  rest.     If  tlic  two  mmnmm 
at  all  comparable  in  bnghtness,  the^  rays  will   be  gn-atly  in  tsna 
ina.imuch  as  they  constitute  the  whole  light  of  the  ont-,  and  aKi 
minute  fraction  of  the  light  of  the  other;  hot  the  light  of  ihmiiMta 
lamp,  or  of  the  limo-light,  is  usually  found  sutlicii-iitly  piiwnfal  *• 
producu  thccoDtvary  eflect;  so  that  if,  for  example,  a  Apirit-laiap  nA 
salted  wi(^  is  interposed  between  the  slit  of  a  speciramp*  ami  da 
electric  light,  the  bright  yellow  Una  doe  to  the  aodium  appaHi  ikA 
by  contrast  with  the  much  brighter  back-ground  whidi  Mm|P  k 
the  continuous  spectnini  of  the  diarooal  points.    By  cmployiacitflf 
some  10  or  IR  cells,  a  light  may  be  obtained,  the  yellow  partial' 
which,  a»  seen   in  a  one-prism  spectnwoope,  ta  soiuably  niaal  ■ 
brightness  to  the  yellow  line  of  the  soiliura  fUme.  ao  that  tk*li» 
can  no  longer  be  separately  dot«ct«d, and  th<-  nppi-armiim  is  tb**** 
whether  the  sodium  6ame  b«  inter[iosed  or  n'iti<'V<iL 

The  dark  lines  in  the  soliu'  spectrum  would  thcrL-forv  be 
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for  by  snppcMiii;;  t1t«t  tlio  principal  portion  of  the  stio's  light  comoa 
from  an  inner  itlmtuin  which  givm  a  continuaus  8|wctruin.  and  Ui&l 
ft  layer  exUriuil  Ui  this  oonteiiw  vapoiin  whidi  alnorh  particular 
rays,  and  thus  proihioe  the  dark  linw,  The  Atratum  wbidi  gives 
tiio  continuous  spectnini  nii^'lit  Iw  iiolid,  liquid,  or  even  gaseDUft,  for 
the  expiTimcnm  of  Fnuihlaad  and  Lockyer  have  obown  that,  as  the 
preonire  of  a  f^mf  is  increased,  jbt  bright  liDee  broaden  out  into  bnoda, 
ftnd  that  the  IxuifLt  at  loiigtli  heoome  ao  wiik'  as  to  jtuii  vadi  otb«r 
nml  forii)  a  continuoun  sjxictruiD.' 

ilydro^n,  sodium,  calduni,  barium,  mogneeiuin,  zinc,  iron,  ehro- 
utiuii).  oobalL,  nickel,  copper,  and  nianganese  have  all  been  proved 
to  exiHt  in  the  tun  by  tliu  B«:curute  identity  of  poeition  of  ibvir 
liri);bt  liniM  with  certain  dark  lines  iu  the  sun's  ttpcctmm. 

The  strong  line  I),  which  in  a  good  instrument  is  wen  to  contuat 
(if  two  lines  ncAr  together,  in  duo  to  sodium;  and  Uui  lines  C  and  F 
are  due  to  by<lro^D.  No  less  than  4&0  of  the  solar  <iark  lines  liave 
l>oan  i<k-ntitU-d  with  bright  Unea  of  iron. 

1058.  TeleBpectroseope.  Solar  PromineBOW. — For  astronomical  In- 
vc«ti;'Btiona,  tlie  ^poctltwoope  ts  usually  fitted  to  a  telescope,  and  take* 
tbf  place  of  the  t^yit-piece,  tlie  plane  of  tlie  slit  being  placud  in  th» 
principal  focus  of  the  objcct-glue,  00  tliat  the  image  is  thrown  upon 
It,  and  the  light  which  enters  the  slit  is  tbo  tight  which  fomis  uno 
strip  f)W}  to  speak)  of  the  image, and  wbicli  tbercfore  comes  froni  ona 
Htrip  uf  the  olji-ct  A  telcMcopo  thus  equipiH-d  is  called  a  teloBpeetro- 
■oope.  Extremely  interoHting  results  have  been  obtained  by  thuB 
•objecting  t^  cxaniination  a  atrip  of  t)i<^  nun's  edge,  the  strip  being 
aometiiiiL>s  tangential  to  tlie  sun's  disc,  and  somutimoa  radial.  When 
the  former  arraogtBltnt  is  adopted,  the  a])[H>amnce  presented  i«  tliat 
dnpictrd  in  No.  2,  Plate  I II..  cmuitHliiii^  of  n  few  bright  lines  scattered 
tlirough  a  iMick-ground  of  tl>e  ordinary  wjlar  spectrum.  The  bright 
llDM  are  due  to  an  outer  layer  called  the  ehramogjJiert,  whid) 
in  tlius  i>r<)ved  to  be  valorous.  The  ordinary  aolar  si»'clnini  whielt 
aeoompAni^'s  it.  is  due  to  Utat  part  of  the  sun  frum  wliieb  most 
of  our  light  is  derived.  This  part  is  calh-d  the  }Aotmj'/ttn,  and  if 
not  soliii  or  liquid,  it  must  oonaiat  of  va|x)ar  no  highly  ooniprvoaed 
tliat  its  pro[<<)rtieH  approximate  to  tboae  of  a  li<]uid. 

Wien  thu  slit  U  placed  rwlially.  in  such  a  position  that  only  a 

■  TIm  gmliikl  tnuMriUoB  (ram  a  ■pmtrum  or  b(l|lrt  IIm*  Ii>  •  aniUainw  *piwtti  omj 
t»  hdrf  to  bi  Ml  Ulwtntllaa  U  ik«  cenli»iii>iu  inndliun  wMdt  om  ba  «BMt«d  Inai  Iha 
■mdiik*  M  odUnMy  fM  to  tlwt  o(  (nUiiwy  ll<|aia  II  SW». 


1076 


DISPBRStOK.      8TUDT   OP  SPBCTBA. 


small  portion  of  ita  Ictigth  receive§  light  Croiu  tho  body  ot  the  sun, 
the  spectra  of  the  photosphere  and  chromoephere  are  aeea  in  ttaiM- 
diftti!  conUgtiity,  and  Uie  bright  lines  in  the  latter  (notably  thonof 
hydrogen,  No.  14,  Plat«  III.)  an  ot)»erv«<]  to  £orm  oontittuatJau of 
Bonne  of  the  dark  lineH  of  the  former. 

llie  obromoephere  ia  ao  much  less  bright  tlian  the  pi 
that,  until  a  few  years  since.  it«  existence  was  never  revealed  eMipt 
during  total  eclipses  of  the  sun,  when  prujecUng  portiotu  of  U 
Bcen  exteoding  beyond  the  dark  boily  of  the  mooa     The 
of   these   projecting   portion.-*,   whirJi    have    been    variottiily 
"prominences,"  "red  tiainai,"  and  "rose-coloured  pruiubcranooK,' ni 
first  observed  diu-ing  the  "Indian  eclipse"  of  18C8,  and  waa  foutxHn 
consist  of  Inight  lines,  including  those  of  hydrogen.     Proui  tlwr 
exceastve  brightness,  M.  Janssen,  who  was  one   of    the 
exprcaecd  eonfidence  that  he  should  be  able  to  s«e  them 
aun^ine;  and  tlie  same  idea  had  been  ah-eady  eonoeivod  and  |Ni^ 
liahed  by  Mr.  Lockyer.    The  expectation  was  shortly  afi 
realixed  by  both  these  ohserveix,  and  thu  chromasphefii  has 
ainoe  been  an  object  of  frequent  ol»i>r\-atioa.     The  viaibility  of  6* 
chromosphere  lines  in  full  Niimbine.  depends  upon  the  principk  tlal 
whileacMitinuoos  npectrum  is  extended,  and  thvrc-fori^  made  hialK 
by  increased  dispersion,  a  bright  line  in  a  spectrum  is  not  mia^ij 
broadened,  and  therefore  lose^  very  little  of  its  intriiuuc  lai|btw 
(§  lOlil),     Very  high  dLspcniion  is  necessary  for  this  porpoee. 

Still  more  recently,  by  opening  the  slit  to  about  the  avera^:*  wiM 
of  the  prominenoe-rcgion,  as  measured  ou  Uie  imago  of  thenn  vM 
is  thrown  on  the  »lit,  it  haa  bcen  found  pi^saible  to  nee  tha  wbobri 
an  average-si;!ed  prominence  at  one  view.  This  wilt  bo  ODil^M' 
by  remembering  tliat  a  bright  Lino  as  seen  In  a  spectrum  U  a  mm^ 
chromatic  image  of  the  illuminated  portion  of  the  slit,  or  wbMl«lll^ 
spectroscope  is  used,  mh  in  tlie  present  case,  it  i«  a  moaoLLnw^iif 
imago  of  one  strip  of  the  image  formed  by  tbe  object-glMK  tm^. 
tiiat  titrip  which  coincides  with  the  slit.  If  this  strip  thooMMHB 
a  prominence  in  which  the  elementary  rays  C  and  F  (No.  t,  Flite  01) 
ore  much  stronger  tlian  in  the  roist  of  the  strip,  a  red  basft  d(  At 
prominence  will  be  seen  in  the  f»rt  of  the  »[>iM;trum  oom^aCV 
to  the  line  C,  and  a  Uue  image  in  the  place  corrvsptmding  to  d» 
line  F.  Thbt  method  of  observation  requires  greater  dbpona*  A* 
is  necessary  for  the  mere  detection  of  the  chromornj^bere  liaai:  A( 
diapesakin  required  for  enabling  a  bright-Una  ajiectruu  to 
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'  n  coDtinunus  Npectrum  being  alwa^ra  nearly  proportional 
toUw  Widtl)  of  Ui<r  .-.lit  (§  10«l). 

Of  the  nebuUe,  it  is  well  known  that  some  have  been  resolved  bj' 
powerful  leleooopes  into  olustere  of  otars.  whilo  otlicn  have  an  yet 
proved  irresolvable.  Hoggitu  has  found  Utat  tbu  former  clatM  of 
tiabulw  give  spectra  of  tlie  wune  general  charact4!r  aa  the  suu  and  tJie 
fixed  Klars.  but  that  some  of  th«  latter  dan  give  spectra  of  brif^ht 
lines,  indicating  that  their  Ronatitution  is  gsteous. 

1069.  Displacement  of  Liaea  conseqnant  on  Celaelial  Hotio&a. — 
Aococding  to  the  undul.-.^nry  Ur-vTv  of  light,  wrhich  ix  now  uuiver- 
milj  accepted,  tbt-  fundaaientnl  diflvranoe  betwem  Uie  iliH'erent  rays 
which  oontpoM  the  complete  spectrum,  ia  a  difference  of  wavo- 
frequency,  and.  a«  connected  with  this,  a  diflerenct  of  wave-length 
in  any  given  medium,  the  rays  of  grcatcat  wave-frequeucj-orihurtedt 
wave-length  being  the  most  refran^ble. 

Uopptcr  tintb  olM  attention  to  the  chnngt-  of  refrangibility  which 
lutut  he  expected  to  ensue  from  the  mutual  approadi  or  recess  of  tlie 
oleerver  and  the  source  of  light,  the  expectation  being  grounded  oo 
rauoning  which  we  have  explained  in  connt^ction  with  aoouotica 
(8  898). 

Doppk-r  adduced  tliix  principle  to  explain  tite  colours  of  the  Axed 
tttan,  a  purpOAO  to  whidi  it  in  <)uit«  inado()iiate ;  but  it  hiia  rvndere^l 
very  important  aer^'ice  in  connection  with  apectroeopic  research. 
Displacement  of  a  line  towards  the  more  refrangible  end  of  the  spec* 
tfum,  indicates  approach,  displacement  in  the  oppodt«  dirvctioti  tndi> 
cat<«  roCKM.  and  thu  velocity  of  approach  or  reooM  adraita  of  being 
oalculat^'d  from  the  observed  displacement 

When  the  slit  of  the  spectroscope  cresses  a  spot  on  the  sun's  iliac, 
the  dark  lines  lose  their  straightneos  in  iJiis  part,  and  are  bent,  soine- 
timva  to  ODtf  side,  sometimea  to  the  otlier.  Thiwo  apjH'aruuces  cltmrly 
indicato  uprush  and  liownrush  of  gases  in  the  suna  atniot^hnni  in 
the  region  occupied  by  the  spot 

Huggtns  detected  a  dinplaoement  of  the  F  line  towards  the  rod 
end.  in  tlie  spectrum  of  Sirius.as  compari'd  with  the  spectrum  uf  the 
sun  or  of  hydrogen.  The  displacement  is  so  small  as  only  to  admit 
of  measurement  by  vvry  powerful  iiuitrumcDtal  appliaucvsi  but, 
small  as  it  b,  calculation  ihowa  that  it  indicates  a  motion  of  recw 
at  tlie  rate  uf  aUmt  30  miles  per  second.' 

'  IVa  «faKnt«d  ii«pl«B>iaiBl  aum«|xiniM  to  ivwm  at  Uw  nu  iif  <l  '4  dUm  pn  mtomii 
><ut  13il  «(  Uib  mam  b>  MucU>l  lur  Uw  metkai  at  tlw  Mrtb  Lu  lU  urh>t  a  tb*  mmm  it 
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1060.  Spectra  of  Artifidtl  Uffhto.— The  cpoctr*  of  UtA  arti&dil 
lights  ia  orilinary  use  (including  gas,  oil-laniptt,  ami  can>l\i«)  (UStr 
from  tho  solar  spf«truin  in  Ow  rclativii  briglitnms  of  the  cUfTvmil 
coluunt,  as  well  m^  in  the  entire  sbaeooe  of  dark  lines.  Th«j  ur 
comparatively  strong  in  red  and  groon,  but  veak  in  blue;  b«nM  »II 
colour!)  which  contAin  much  bluo  in  their  compositiuo  apjivar  (n 
dtfiadvant^e  by  gas-Ii;;ht. 

It  is  possible  to  tind  arUlicial  lights  whose  sp(!>ctr«  nn>  of  a  «a» 
plet«ly  ditTcront  charactt^r.  Tb«  aaltA  of  strontiuni,  For  t;xain|>U, |in 
rod  light.  comi»o»*il  of  the  ingredients  repreM-nicd  In 
No.  10,  PlAt«  III.,  and  those  of  sodium  yellow  light  (No.  :i.  HaU 
If  a  room  is  illuminated  by  a  sodium  fiamu  (for  exatu{>le.  by  a 
lamp  with  salt  sprinkled  on  the  wick),  all  objtwts  in  tho  naa  <ril 
appear  of  a  uiiiforiti  c«iK>ur  (that  of  tlie  Hainu  it«elf),  diflerkiif[  aij 
in  brightneto,  thoae  which  contain  no  yellow  in  t>M*ir  apMlram  m 
seen  by  day-light  being  dianged  to  black.  Thi*  human  couut^oBv 
Kud  hands  assume  a  gha<«tly  hue.  and  the  lipn  are  no 
red. 

A  similar  phenomenon  i»  oWrved  when  a  coloun-il  tKxly  b 
111  different  partjt  of  the  solar  spectrum  in  a  r]ftrk  room,  so  aa  lo  h* 
illuminated  by  different  kinds  of  monocbroniatic  li-fht.  Tbeol^ 
either  appears  of  the  same  colour  as  tbe  liglit  which  falli  u|ioail« 
else  it  refuses  to  rofiec-t  this  liglit  and  appears  black.  UwueannB 
for  exhibiting  th«  ap«ctrum  should  be  whiter 

lOSl.  BriffbtntH  and  Purity.— The  laws  which  detmninellia  W|^ 
ne.'w  of  iatage^  goiionUly,  and  which  have  Uwti  »x{xtun(led  M  «■> 
length  in  tJie  preceding  chapter,  may  be  applied  to  the  Hpninai^ 
We  shall,  in  the  lint  instanra,  neglect  the  Ium  of  IJglit  by  lulfcWli* 
and  imperfect  transmiseuon. 

Let  Adenotv  the  prumi<i/ie<It«}wrMon,aH  measure*!  by  thrtardr 
separation  of  two  si>Miflod  inonocbromatii:  imo^tti  whm  tli^iakxi 
eye  is  applied  to  the  last  prism,  tho  observing  ti'loncopi'  Ucinf  l^ 
moved.     Then,  putting  m  for  the  linunr  matniifyinK  p^iwrr  i^  A* 

tiia  JVM  wImii  tb*  ulwnati'ai  vw  »»■!«.    Hi*  nauiaiW.  SVi,  wiw  lllin>»  ^iT*-" 
which  tlie  dintano*  bMxvik  ih«  utn  uxd  Siriis  wu  inatsMlDS. 

In  »  mote  M««iit  p>p«r  Or.  HnggiiM  gk»  ths  pmuU*  of  Dhwrv«ilfn»  vtib  mat*  i^dW 
butruoMiit*]  ftp|>UMio«k  Hi*  mom*  at  tilrlu  vw  tvimi  la  be  ooly  fo  mUm  jm  m^i 
Ar^tuni*  WM  fenind  to  b«  atTrnMUaf  «t  tlw  rale  M  M  mBitm  pxr  —iwil  Om^i^ 
«f  tnution  wu  aUbluhnI  in  nrUin  acta  «f  Man;  Miil  Um  bdM  jn»il^lj  bU  4 
MCn«)oni*ni,  m  l«  Ilia  diiactioa  In  whkli  tin  wetar  t^MaB  b  nMitrlny  with  (SfMl  W  ^ 
•ten  u  a  whole.  WM  fnllj  Mttfirawd. 
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telescope,  m  A  U  tbo  uigular  Mpftintion  utsonred  wbaa  the  ajre  la 
Aplilicil  to  tli«  telescope.    We  ahku  c&ll  m  A  the  total  ditptrtUm. 

Lvt  0  deoote  tlie  angle  which  the  breadUt  of  Uio  alit  rabtcnds 
■t  Oic  cCDtre  of  the  ooUimating  lens,  and  whicli  U  iiiuiirturcd  by 

i^TlTmrtiil^CS'  Then  8  ia  also  the  ap{)«rent  breadth  of  any  absolutely 
nionoebromaUc  image  of  the  alit,  fonued  by  rays  of  minimum  devia- 
tion, aa  seen  by  an  eye  applied  eith«r  to  thi^  fit^t  priaiii,  the  last 
pmm,  or  any  0D«  of  tli''  train  of  prismit.  Tlie  change  produced  in 
a  jfcncil  of  moDOchroniatic  ra^-a  by  transraUsion  through  a  pmm  at 
minimum  deviation,  is  in  fact  simply  a  change  of  direction,  without 
any  change  of  mutual  inclination;  and  thus  neither  brightDeas  nor 
apparent  aiz«  ia  at  all  atlc-et^-d.  In  ordinary  ca-<es,  the  bright  lines  of 
a  Bpectrum  inay  be  regarded  as  monochromatic,  and  their  apparent 
bfeadlli.  aa  seen  mthout  the  telescope,  is  sensibly  e^ual  to  0.  Strictly 
■peaking,  the  otfect  of  prismatic  dispersion  in  actual  cases,  is  to 
increase  the  apparent  breadth  by  a  amall  quantity,  whidi,  if  all  the 
prisms  are  alike,  it  pn>[>orti<>nal  to  the  number  of  priants;  but  the 
increase  ia  usually  too  amall  to  )>o  sensible. 

Iddt  I  dnoto  the  intrinsic  brightness  of  tlio  source  as  regards  any 
one  of  its  (apprcucimately)  mouochrouiatic  coaitiluent^i  in  other 
words,  the  brightnewt  whidi  tlto  source  would  have  if  deprived  of  all 
its  light  except  that  whieli  goes  to  form  a  particular  bright  line 
TIwH.  still  m-^-lf^ctin;;  thi>  li^dit  stopped  by  the  instniinontt,  the  bright- 
neoa  uf  this  line  as  scon  witliout  the  aid  of  the  teloaoope  will  be  I; 
and  as  seen  in  the  teloaoope  it  will  either  he  equal  to  or  loss  than 
this,  according  to  the  tnagitifying  power  of  the  telmcopo  and  the 
u^fctivo  a|>erture  of  the  objcci-glaea  (^  1038).  If  Uto  brvadth  of  the 
•lit  be  liolvi'd,  Uie  brl^adth  of  tlie  bright  line  will  be  halved,  and  its 
liriglitn<-Hit  will  bo  uncbangod.  TtiGite  conclusions  retnain  true  so  long 
as  tlie  bright  line  can  l>e  regarded  aa  practically  tnonochruituitia 

The  brightness  of  any  part  of  heontintuma  spectrum  follows  a 
vi-rj'  differvut  law.  It  varies  diirwtly  as  the  widtb  of  the  slit,  and 
invnnu'ly  us  tiie  prismatic  diMperviun.    Its  value  witiiout  the  obsvn*- 

ing  t«'l('«cope,  or  its  maximum  value  with  a  telescope,  is  -  t,  where  i 

is  a  coellidcnt  depending  only  on  the  source. 

The  jtunt}/  of  any  jinrt  of  a  continuous  spectrum  ii  properly 
measured  by  the  tmtio  of  tliu  iliMtunee  bttuvtn  two  ufxci/ittl  mono- 
ehroToatu!  images  to  the  breadth  of  either,  the  distance  In  quostton 
being  mciasurod  from  the  centre  of  one  to  the  centre  uf  the  other. 
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Tbia  ratio  is  unaffected  by  the  employment  of  an  obeternag  teteaooitt. 

and  is  g. 

The  ratio  of  tJie  brightticss  of  a  bright  line  to  that  of  the  adJMWl 

portion  of  a  continuoos  spectrum  forming  its  back-grouitd,  b  -^^  • 

assutning  the  Hue  to  bo  eo  nearly  tiioitocliromatic  that  the  incrtMt 
of  its  breadth  produced  by  the  diaperaion  of  tlie  prisius  is  an  iuigni- 
ficant  fraction  of  ita  whole  breadth.  As  we  widen  the  alit.aad  m 
increaee  9,  we  must  increa«e  &  in  the  aame  ratio,  if  we  with  to 

preserve  the  same  ratio  of  brightness.   As  ^  is  increased  iodrfliiitdj, 

the  prcdomioanco  of  the  bright  Unea  doua  not  ineroMe  indaflalMlf. 
but  tends  to  a  definite  limit,  namely,  to  the  prodominann 
they  would  have  in  a  perfectly  pure  spectrum  of  the  given 

The  loss  of  light  by  reflection  and  imperfect  transmission, 
witJi  ttitt  number  of  surfaces  of  glass  which  are  to  be  trnvefanl;  n 
that,  with  a  long  brain  of  prisms  and  an  ohtwrving  teluoofi^  d» 
actual  brightness  will  always  be  much  lees  than  tho  thMRdal 
brightn4.-!is  01!  above  computed. 

The  actual  purity  is  always  less  than  the  theoretical  purity, 
greatly  dependent  on  freedom  from  optical  imperfections;  aod 
can  be  much  more  completely  avoided  in  lenaea  tlian  in  priflna  ll 
is  said  that  a  single  good  prism,  with  a  fiist-daaa  oolUmator  mt 
teleiKoi>e  (as  originally  employed  by  Swan),  gives  a  spectrum  Bad 
more  fi«e  from  blurring  than  the  modem  multiprism  apectt«o(f* 
when  the  total  dispersion  m  A  is  the  same  in  both  the  case*  sn- 
paruil 

1062.  Chromatic  AbsrratioB.— The  unequal  refrangibility  ti  tk 
different  elementary  lays  iB  a  source  of  grave  inoouvcnicDn  in  a*' 
neolion  with  lense».  The  focal  length  of  a  lens  ilepetMla  ntwi  k 
index  of  refraction,  which  of  course  inovaaes  with  r«frangihiUly,  ikt 
focal  length  being  shortest  for  the  most  rcfrangitilu  raya  Thos  s 
lens  of  uniform  material  will  not  form  a  single  white  imafesf* 
white  object,  but  a  series  of  image:*,  of  all  the  oolouta  of  the 
arranged  at  different  distances,  the  \-iolet  intagea  being  nearot. 
the  red  most  remote.  If  we  place  a  screen  anj-wbere  in  the 
of  images,  it  can  only  be  in  the  right  position  for  uoe  colour.  Eiroj 
other  colour  will  give  a  blurred  image,  and  the  eu))«rp(Mttka  of  tte 
all  produces  tlie  image  actually  fonncd  on  the  scrooo.  If  the  O^^ 
bo  a  unifonn  white  spot  oh  s  black  ground,  it«t  inuigu  on  tba 
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vli)  coniiMl  of  wliitv  in  its  ceotnl  porta,  gradually  tnergtog  into  m 
oolouml  fringe  at  iu  edge.  Shtrpn«8«  of  outline  is  thus  renderod 
impoasible,  and  nothing  better  cati  bv  don«  Uian  to  place  tlio  screen 
at  the  focal  dUtance  corresponding  to  the  bri^httttt  part  of  the  speo- 
tniro.  Similar  iDdiBtinctueea  nili  attach  to  images  obeen*ed  in  mid- 
air, wliclhcr  directly  or  ty  mi-anii  of  another  lens.  Tltbt  source  of 
confusion  is  called  ehront'ttii^  uWrmtion. 

1068.  Possibility  of  AcbromatiaiD. — In  order  to  ascertain  wh«Uii;r 
it  was  possible  to  remedy  this  evil  by  combining  leases  of  two 
different  mstoHals,  Newton  mode  some  trials  with  a  compound  prism 
composed  of  gliv«  and  water  {tlte  latter  containing  a  littlu  sugar  of 
lesd),  and  he  found  that  it  wax  not  poasihle,  by  any  arrangement  of 
these  two  sobstaDcea,  to  produce  deviation  of  the  transmilted  li^lil 
without  separation  into  its  component  colours.  Unfortunately  he 
did  not  extend  his  trials  bo  otlier  Bubstances,  hat  concluded  at  onoe 
that  an  acJinnnatic  pri-im  (and  hcnoo  also  an  achromatic  lens)  was 
an  impossibility;  and  tliis  condunion  was  for  a  long  time  accepted 
as  indisputable.  Mr.  iJall,  a  gentleman  of  Worocsteishire,  was  the 
Arat  to  show  that  it  was  erroneous,  and  is  said  to  have  constructc*) 
Home  adironuitic  telescopes;  but  the  important  fact  thus  discoveivd 
did  not  became  generally  known  till  it  was  rediscovered  by  Dollond, 
sji  eminent  Ix>ndon  optician,  in  whose  Iiand-i  the  manufacture  uf 
achromatic  instruments  attained  great  perfection. 

1064.  Coaditions  of  Achiomatism. — The  conditions  necessary  for 
aclin>inntlHro  ant  ca«ily  explained.  The  angular  separation  Iretwum 
the  brightest  red  and  Uto  brightest  violet  ray  traiLiniilted  through  a 
prism  is  called  the  di»pertion  of  the  prism,  and  is  evidently  tlio 
difference  of  the  deviations  of  tliese  mys.  '{"hese  deviations,  for  the 
position  of  minimum  deviation  of  a  prism  of  small  refracting  angle 
A,  are  (^'  —  1)  A  and  (/■'  —  1)  A.  fi'  and  /•'  «k^noting  the  indices  of 
refraction  for  tlie  two  rays  considered  (t)  1004,  equation  (It)  and 
tlieir  difference  i9(>i'-^')  A.  This  difference  is  always  small  in 
ootnparison  with  either  of  the  deviations  whose  difference  it  is,  and 
its  ratio  to  either  of  them,  or  mor«  accurately  its  ratio  to  the  value 
of  (;i  - 1)  A  for  the  brightest  part  of  the  Hpc«tmni.  is  called  tlie  di»- 
ptnive  pow«r  of  the  substance.     As  the  common  factor  A  may  bo 

omitted,  the  formula  for  the  dispersive  power  is  evidently  ^ff  • 

If  this  ratio  were  the  same  for  all  sulstattcea,  as  Newton  supposed. 
sdiromatUm  would  be  impossible;  but  in  fact  its  value  varies  grratly. 
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and  b  greater  for  flint  tlum  for  crown  gUaa.  If  tvn  prismB  o(  ifaM^ 
mibstoncbi,  of  »intLll  refracting  angles,  be  combined  into  one,  v^| 
their  edges  turned  o[^>osite  ways,  they  will  achroinatize  oou  auutlMr 
if  (ft'  -  fe")  A,  or  tlio  product  of  deviation  by  dispeniiva  -powar.  w  tb* 
same  For  both.  As  ibo  deviations  can  bo  made  tt>  liavw  any  ratio  m 
please  by  altering  ttio  angles  of  tlio  prisnts,  the  condition  U  uvidcnU; 
possible. 

The  deviation  which  a  simple  ray  undergoes  in  Iravenlng  a  !•■•, 

at  a  distance  z  from  the  axis,  is  -7,/denoting  the  focftl  length  of  tk 

lenft  (§  1001),  and  the  separation  of  the  red  and  v-iolet  conatiUmt* 
of  a  compound  ray  is  tlie  product  of  this  deviation  by  the  dJspeaivt 
power  of  the  material.  If  a  convex  and  concave  leiut  are  coiBUaBt 
fitting  cloeely  together,  the  deviations  which  they  produM  in  a  n; 
traversing  botlt,  are  in  opposite  dirediona,  and  so  also  ant  th«  di»- 
peraions.  If  we  may  regard  x  as  having  the  same  value  for  loUt  (t 
supposition  which  amount;  to  neglecting  the  thicknessea  of  the  iamm 
in  comparison  witli  their  fooal  lengths)  tlie  condition  of  no  naultul 
dupeision  is  tliat  I 

hm  the  .'tame  value  for  both  ]»>nAe!i.  Their  focal  ItngUu  matt  Ibai* 
fore  be  directty  as  f/ie  dieperaiv!  pmcen  of  their  vuUrrialL  H^ 
latter  are  about  '033  for  crown  and  'O&S  for  Hint  glnaa.  A  ciBftiy 
inj^  achromatic  leD.1  usually  ooD»i»t«  of  a  double  convex  lena  of  mm 
tUtcd  to  a  diverging  meniscuii  of  Bint     In  evrry  oehi'  '  -■» 

bination  of  two  pieces,  the  direction  of  resultant  deviai.^,..  »  l^ 
duo  to  the  piece  of  smaller  dispersive  power. 

The  definition  above  given  of  dis[>oniivo  power  iH  ralhrr  lo^ 
To  make  it  aocumte,  we  must  specify,  by  reference  to  thv^finrf 
lim>»,"  the  precise  positions  of  the  two  rays  whose  erpanlinB  *> 
consider. 

Since  the  distancea  betwe«n  the  fixed  tines  liave  ilittVirvnt  ftOfo^ 
tions  for  crown  and  Hint  glass,  achromatism  of  the  whole  apeOiMifc 
iiiip(j>riiblc.  With  two  pieces  it  is  possible  to  uniUs  any  two  uihraJ 
rays,  with  three  pieces*  any  three  selected  rays,  and  ao  tst.  Il  » 
considered  a  sign  of  good  achromatism  when  no  ruloun  os  ^ 
broui,'ht  into  view  by  bad  focussing  except  purjilu  and  gmn. 

1063.  Achromatfe  E^s-pioeea. — Ttie  eye-pieceit  of  micnaoopn  nu 
astronomical  tt^lcscopes.  usually  oon-tiH  of  two  Icntna  of  the  wnwkiBl 
of  glass,  so  arranged  as  to  counteract,  to  some  extent,  tb«  BilMrnl 
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and  rliroinatic  abemtioM  of  Uio  obj«ct-gUK!i.  Th«  pottiiw  tyv-pxiseo, 
iDvented  liy  RAmsden,  is  suited  for  observation  with  cross-wires  or 
mictomoters;  the  neffative  eye-piece,  invented  by  Iluygona,  is  not 
adapted  for  purposes  of  measurement,  but  is  pn-f«rre<)  wh<>n  diHtiact 
vision  is  the  solo  requisite.  These  eye-pieces  are  commonly  called 
acliromatic,  but  their  achromatism  is  in  a  mannor  spurious.  It  con- 
sists not  in  briu^g  Uie  red  and  violvt  iinai^--«  intu  true  ooineidcnov, 
but  merely  in  causing  one  to  cover  the  vlJicr  on  Mvn  frou  tbo  poai- 
tion  occupied  by  the  observer's  eyei 

In  tho  best  (^>era-^aeses  (§  10.13),  the  eye-pieee.  as  well  as  tbe 
olgect-glBM,  ia  oomposod  of  lenaaa  of  tlint  and  cruwn  ho  coiubinod  an 
to  be  achronuitic  iu  th^  more  proper  scnao  of  the  word, 

1066.  Baiobow. — The  unequal  refnngibility  of  the  different  elo- 
luontary  rays  furnishes  a  complete  explanation  of  the  ordinary 
phenomena  of  rainbows.  Tbe  expUuiatioo  waa  lintt  given  by  New- 
ton, who  contimivsl  it  by  actual  meMOremont. 

It  ia  well  known  that  rainbows  are  seen  when  tbe  atin  ia  shining 
on  drojia  of  irater.  Somcitmcs  one  bow  b  seen,  somotiroea  two, 
each  of  them  presenting  colours  resembling  those  of  the  solar 
Bpeetrum.  Wlion  there  is  only  one  bow,  the  rwi  arch  ia  above 
and  the  violet  below.  When  there  is  a  second  l>ow.  it  ia  at  sumo 
distance  outsiile  of  tbia,  has  the  colours  in  revcntu  order,  and  ia 
usually  le.ss  bright 

Rainbows  are  often  observed  in  the  spray  of  cascades  an<l  fountains, 
when  the  sua  is  shining. 

In  every  cose,  a  line  join- 
[iag  the  observer  to  the  sun 
is  tlio  axis  of  the  bow  or 
liowsi  that  b  to  say,  all 
part.-*  of  the  length  of  the 
buw  an*  at  the  aamn  angu- 
lar dintanoo  frrnn  tlie  nun. 

The  formation  of  tiie  pri- 
inaiy  ))ow  is  illustrated  by 
Fig.  765.  A  ray  of  solar 
Ut>ht,  falling  on  n  itphericol 
drop  of  water,  in  Uiu  direc- 
tion 81,  is  rofractJ^I  at  I, 
then  rvlli;ct<><l  inlcniully 
from  the  back  of  the  drup.  and  again  refracted  into  the  air  io  the 
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direction  r  M.  IF  we  take  difTercnt  points  of  incidence,  we  utaii 
oLitJiiu  ditferent  directions  of  emergence,  so  Uiat  the  wh>ile  light 
which  emerges  from  the  drop  after  underg^ung.  as  in  Uw  figon, 
two  refractions  and  ouo  rt-flix'tion,  forms  a  widcly>diTetgeot  p«>dL 
SoiDv  portions  of  thU  |K;iM-il,  liowever,  ooataiu  very  little  lighL  TUi 
is  especially  the  case  with  those  rays  which,  having  been  iocident 
nearly  normally,  are  relumed  almoisl  directly  back,  and  also  with 
tliosc  wliich  wt-ru  almost  Lungi^nttal  at  incidence.  The  gntttrt  <nt* 
dcnMiUon,  as  i-cgards  any  particular  species  of  elenentaiy  ray,  ecem 
at  that  part  of  the  emergent  pencil  whirJi  lias  undergoiiv  mtrnmam 
drviation.  It  is  by  means  of  rays  wliicb  have  undergone  tbia  mini- 
mum  deviation,  tJiat  the  observer  is«cs  tlie  corraspoDding  oolimr  ia 
the  l^>ow;  and  the  deviation  whidi  they  havo  undoif^ono  is  evidently 
o^tial  to  tliu  angular  distance  of  this  part  of  the  bow  front  tb»  no. 
The  minimum  deviation  will  be  greatest  for  those  rays  which  v* 
most  refrangible.  If  the  figure,  for  csample,  be  euppoeed  to  repruwat 
the  circumstftncos  of  minimum  deviation  for  violet,  we  shall  ubCab 
smaller  deviation  in  the  ca«c  of  red,  even  by  giving  the  angle  1  AT 
the  same  value  whicli  it  hn.i  in  the  esse  of  mtnunum  de^-iatiQa  lor 
violet,  and  still  more  when  we  give  it  the  value  whidt  oorresjioiiA 
to  the  minimum  deviation  of  red.  The  most  refrangible  eoloun  >it 
accordingly  seen  furthest  from  the  sun.  The  effect  of  the  imy>  wUdi 
undergo  other  than  minimum  deviation,  is  to  produce  a  bordo' 
white  light  on  the  aide  remote  from  the  sun ;  tJiat  is  to  say,  oo 
inner  edins  of  the  bow.' 


'  Wbon  the  drop*  u*  Tcry  ualform  In  dM,  a  mHc*  «(  bfail  py  ww*  iij  J 
naUl;  purple  kiiil  grato,  ii  •unwCiniiM  «an  btmwll)  ill*  piiniMT  bcnr. 
produccil  iiy  t!ie  tnutiul  liil«rfareiic«  ■>(  ray*  vhleb  Imt*  iDiibifDB*  aUurr  < 
deviatii.111,  uiil  Uie  intecfMcoae  ificca  in  tkr  rolloninc  va;.  Abj  two  panJM  i 
of  emcrgeltCf^  tor  ravt  td  >  irirrni  rttruifiblUtf,  iwntapoiid  la  g*"*"^  ^  t*" ' 
pointi  iif  indd«nM  on  my  ginn  dro]^  «ne  et  Ott  two  fneidcnt  ny«  habtg 
noniul,  uiil  tho  oUitr  nor*  noMijr  un^mtkl  t«  Ui*  drop  than  tba  r»j  <l 
detiktioo.  TbeM  (««  ny*  ban  piumml  ji— i— ii..  |»tli«  la  tba  drof^  aad  m*  k  i 
pliMt*  «b«n  Uioy  mah  th*  obMnar*i  aj*.  The  difl«r«nM  gf  r*—  naj  "m-~rr*  k>  «^ 
two.  thlce,  or  sum  exact  wan-leni^i^  and  that  oD^  two,  Ihret,  «r  »a«a  an^avaBMHT 
boTC  may  bo  rarmtd.  The  disUnoM  ti««w«mi  the  avpanMneiwy  ban  wfD  b*  (naa*  « 
tlic  draj*  of  a-aur  nr*  *inaller.    Thii  BKFlanalkn  ii  da*  to  Or.  Thniaai  >*■«« 

A  toon  coniplcla  tlworj,  In  vblcli  diffraction  b  taken  Into  aoeoqni.  ia  ft>^  Vf  AST 
ill  tlio  C<imtfid{K  Trannelimu  (or  ItiS ;  and  the  mlaua  t«r  tba  bdlovltqt  yiar  aaa^ 
an  cxpaliti»ntAl  Terlfioation  hy  Mfllrr.  It  appear*  from  iUa  thwj  Ibal  tba  MHa^ 
oJ  intrnMty  li  leu chatfily  toarkod  tt^  the  ordinary  tbtety  woaU  i-^— tr.  laddaBI* 
ocdTwpond  U>  the  geMnetHoal  mbihnBai  al  ■IriUili'n,  l<«t  to  a  dvriatka  •aarib^  9*** 
AIm  that  the  m^on  of  aenubla  iUiunlnatl-ni  eitenila  tieyand  tlUa  ; 
and  aliade*  I'tS  j^raduall/ 
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!io  condensation  which  accotnpanii-.i  iiiiiitiiium  ciuvi«tion,  io  merely 
a  jiarticul&r  co-su  of  thv  gcuernl  msithematical  law  that  magnitudes 
rem&ia  nearly  oomttaiit  in  Uie 
neighbourhood  of  a  maximum 
or  luinimum  value.  Die  raya 
which  ootnpoM  a  small  fiaralli'l 
pencil  S I  inddi^nt  itt  aii-l 
around  the  precise  point  whidi 
oorrespondii  to  minimum  devia- 
tion, will  thus  have  deviations 
which  »iiay  be  regarded  bx 
equal,  and  will  aooonliiigly  re- 
main Bciviibly  parallel  at  emer- 
goooc     A  pantltitl  ix-ncil  iod- 

deot  oo  any  other  part  of  the  drop,  will  he  divergent  at  euergenoe. 
The  indices  of  refraction  for  red  and  violet  rays  from  air  into 
wat«r  are   mpt'clivoly 

V/'  umI  W'  ■">*'  tribu- 
lation  lihows  tliat   Uie 

flistanoes  from  the  cen- 
tre of   the  suo  to  the 

parts   of    tlio    bow    in 

whidi  theae  coloun  are 

strongest  should  be  the 

suppk-incnls  of   +2°   2' 

and  40"  17'  riMpectiv<dy. 

llieae  results  agree  witli 
[ObMrvntion.  Thcao;tles 

42'2'And4fl'irar.-Uie 

dtHtanctm  from  thound'- 

KuUiT   point,   which   i^ 

always  the  oentru  of  t]ic 

bow. 
^ft      The  raya  which  form 
^^  tJie  secondary  l>ow  have 

■  fo 

[ 


ni.  m.  -  srioiT*  t\^iu«M 


undergone  two  internal  reflections,  an  reprewnled  in  Fig.  7C0,  and 
here  again  a  special  concentration  occurs  in  tlte  direction  at  toiuJ- 
mum  dcvintjon.  Thin  de\-iation  is  ffreater  than  IHO*  and  is  jfreatest 
for  tile  must  refrangible  lays.  The  distance  of  the  are  tliua  fortnril 
from  the  sun's  centre,  is  300*  minus  th«  deviatioo,  ami  is  aooord- 
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ingly  leoab  fcr  the  most  re&angible  ntya.  Thus  the  violet  ire 
is  nearest  the  soo,  aiul  the  red  furthest  from  it,  ia  the  secondair 
bow. 

Some  idea  of  the  relative  situations  of  Hm  eye,  the  sun,  and  the 
drops  of  water  in  whidi  the  two  bows  are  formed,  may  be  obtained 
from  an  inspection  of  Fig.  767. 
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COLOUR. 


1067.  Colonr  as  a  Property  of  Opaque  Bodies. — A  body  whtdi  Kflocte 

(by  invgular  rcll(.-i:liuD)  &11  the  rays  of  tho  spectrum  in  equal  propgr- 
tion,  will  appear  of  tho  mme  coltmr  lui  thu  light  which  foils  upon  it; 
tltat  in  to  aay,  in  ordinary  oases,  white  or  ^ray.  But  the  tjiajortty  of 
bodies  rcdect  eome  rays  in  lar^fer  proportion  than  othen,  and  ar« 
'  llMrofore  coloured,  thuir  colour  boin^  tJiot  whidi  ariseB  from  the 
mixtiirt)  of  tltu  T»y*  which  tlicy  rvtlvcL  A  body  reflMttni;  no  ti;;ht 
would  bo  perfectly  black.  Practically,  white,  gray,  and  block  dilH;r 
only  in  brightness.  A  pie«e  of  whit«  paper  in  shadow  appeara  gray, 
and  in  strotii^ur  slimlow  lilftck. 

1068.  Colonr  of  Traosparent  Bodies. — A  transparent  body,  seen  by 
traiumitt«d  light,  is  coloured,  if  it  is  tuoro  tnnsparent  to  aome  rays 
than  to  otheni,  iU  colour  being  that  which  reaulu  from  mixing  tlic 
traiumittcd  rr-ys.  No  now  ingredient  is  added  by  tratuuiiK&ion,  but 
certain  ingreilientx  arc  mora  or  IcM  ooinplct4<ly  atojipcd  ouL 

Some  trans{iar«^iit  substaaoes  api>ear  of  very  dilTererit  colour* 
Acoonling  to  their  tliickneosL  A  solution  of  dtloride  of  dtrouiiutti, 
for  eXBiiipIe,  appears  grocn  wlivna  thin  layer  of  it  i»  examined,  wlulu 
a  gn-atur  thickness  of  it  preecDtB  tin  i^|wanu)Cti  of  reddish  brown. 
In  «uch  caKCH.  ditTerent  kimlii  of  raya  aucccaoively  disappear  by  aolcc* 
Uvs  abHoqition,  and  the  tiaiisiuitted  light,  boinj;  always  this  sum  of 
tho  roya  wliich  remain  unabsorbed,  i»  oecordiiigly  of  diirvrunt  com- 
pwition  according  to  tliu  tlueknna. 

When  two  pieces  of  coloured  glow  am  placed  one  Wiind  the  oUior, 
the  li^tit  which  poMeA  tlirough  l)olh  has  undvrgone  a  doubhr  prucws 
of  lu'Ksjtive  a1 8'tr])tion,  and  thentforc  oonsinte  mainly  of  tJiOMo  rays 
which  are  abumlantly  traniimitti-d  by  both  glaMnw;  or  to  apsak 
broadly,  the  colour  wbicli  wo  see  in  looking  tbruujth  tlie  combination 
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b>  not  the  sum  of  iht-  colouiTt  of  ihn  two  ^la.-tK««.  hut  tliair  flaamaa 
part.  Accorditi);ly,  if  v,n  cotul'iiii.^  a  pit-cu  uf  utdiauy  red  glaa. 
tiKnsiiiittiiii;  light  which  ccinsiata  ftlniost  entirely  of  rad  rKy».  with  k 
jiieco  of  ordinary  green  gtaas,  which  traasuiitj  lianlly  any  rwl,  th« 
combination  will  be  almost  black.  Thv  light  tnmsiuiltotl  tliroagh 
two  glasses  of  difforcnt  colour  and  of  tho  tuunn  dvplli  of  Itnt,  b 
always  loss  than  would  be  traiumitted  by  a  douttle  thiclmoM  of 
vilher;  and  tlia  colour  of  Hie  transmitted  light  ia  in  mont  cmm  • 
i-olour  which  occnpioa  in  the  spectrum  an  intermediate  place  bvlwtn 
the  two  given  colours.  Thus,  if  thv  two  glosaes  are  yellow  oad  bhw. 
the  transmitted  light  will,  in  mont  caw»,  be  gr«K-n.«nce  most  natuni 
yellows  and  blui-s  when  analyfUMl  by  a  priaiu  iJtow  a  Urge  quaiitilt 
uf  groen  in  their  composition.  Similar  etlecta  are  obtaiMd  tj 
niixinE;  coloured  liquids. 

1069.  Coloan  of  Mixed  Powdore. — "  In  a  coloured  powd«r,  eadt  pi- 
tiele  is  to  he  regarded  as  a  small  transjwrunt  bo<ly  wbicli  colttun  li^  j 
by  selective  absurptJon.     It  is  true  tliat  powdered  pigmeota  «t 
taken  in  bulk  arc  extremely  opaque.    Nei-ertholoaa,  wbeoevvf 
have  the  opportunity  of  Sircing  these  aubatoiices   in  compact 
homogeneous  pieces  before  they  have  been  reduced  to  powdo:.  ■*] 
find   them   transjiareat,  at  least   when  io   thin   slices.     Ciiuul* 
chroiiute  of  lead,  verdigris,  and  cobalt  glasi  are  examplen  in  ptol 

"When  tight  falls  on  a  powder  thus  composed  of  tnmipannt  {>■- 
tides,  asroall  part  is  r<'11octj>d  at  the  upper  surfaco:  tlie  rest  peiw<ni>> 
and  undergoes  partial  reflectifm  at  some  of  the  surfacea  of  tc[iaf«t>a 
hi-twoen  tlie  particleH.    A  single  plate  of  uncoloured  gloM  r«flari>  ' 
uf  nornially  incident  light;  two  pUtea  .,■]. uud  a  large  numbrr  ti- 
the whole.     Id  the  powdvr  of  such  gla.S8.  wo  must  acconliu. 
elude  that  only  about  -^f  of  normally  incident  light  ia  roHoctnl  tt^ 
the  tint  surface,  and  tliat  alt  the  rest  of  the  light  which  pwm  Ik 
powdur  ib<  whitenesa  comes  from  deeper  layt-rs.     It  ntul  la  ll* 
Kame   with   the  light  ivSected  from  blue  glass;    and   in  oJa«* 
pi>wder8  generally  only  a  voi^'  small  part  of  tha  light  whidi 
retloct  eomes  from  tlie  jirtt  surface;  it  nearly  all  oomea  firon  ! 
The  ligiit  reSected  from  the  tirst  surface  is  whitr>,  4>xcept 
reflection  is  metallic.   That  which  conic:s  fmrn  beluw  m  eoUMn^J* 
8o  much  tho  more  deeply  tlto  furtltvr  it  has  penetrated.    Iliaislk* 
reason  wliy  coarse  powder  uf  a  given  material  is  mora  ilMfffl 
oared  than  Hn«,  fur  the  quantity  of  light  returned  at  «aeh  i 
reflection  depemb  only  on  the  number  of  reBoctioos  and  iwla'* 
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thlekaan  ot  Uio  particles.  If  these  &ru  large,  tlie  liglit  n)u§t  penetrate 
90  macfa  tb«  deeper  in  onlor  to  undoi:gQ  a  given  number  of  reUvctiooa, 
and  will  therefore  be  the  more  deeply  coloured. 

"Tlio  reflection  at  the  surfaces  of  the  particles*  is  w-akened  if  we 
lutcrptxto  betwfcn  tliem,  in  the  place  of  air,  a  tluid  whose  index  of 
refraction  ntoro  nearly  approochoa  their  own.  Thus  powdera  and 
pigiueuta  are  ukually  tendered  darker  by  wtttiiiK  thi>iii  with  M-at«r. 

Mul  still  more  with  the  more  highly  refracting;  li(|ui<l,  oil. 

'If  the  colours  of  powders  depended  only  on  light  reflected  from 

ar  lint  surfaces,  the  light  reflected  from  a  mixed  powder  would 

Ute  KUni  of  the  lights  rx^Auctod  from  the  surfaces  of  both.    But 

loot  of  the  lights  in  fact,  comw  from  deeper  Uyers,  and  having  had 
traverse  particles  of  both  powders,  must  consist  of  those  raya 

rhich  are  able  to  traverse  both.  The  resultant  colour  therefore,  as 
in  the  eus  of  superposed  gloas  platos,  depends  not  on  addition  but 
rathor  (in  subtraction.  Hence  it  la  that  a  mixture  of  two  piginenU 
is  usually  much  more  sombre  than  the  pigmenta  theni.<iulvea,  if  these 
are  very  unlike  in  the  average  refrangibiltty  of  the  light  wtuch  they 
mflact.  Vermilion  and  ultraniarinf,  fur  cxuinpK-,  give  a  black-gray 
(■bowiog  scarcely  a  tmoe  of  puqtle,  whidi  would  bo  the  coluur 
obtained  by  a  true  mixture  of  lights),  «ach  of  these  pigments  being 
in  fact  nearly  opaijue  to  the  light  of  the  other." ' 

1070.  Mixtures  of  Colours. — By  the  colour  resulting  from  the  mix- 
ture of  two  liglit«,  we  mean  the  colour  whidt  is  seen  whi.'n  they  both 
fall  on  tlie  uinie  part  of  the  retina.  Proposition.1  rcganling  mixtures 
of  c»lour8  are  merely  aubjectjvo.  The  only  objective  dilTerences  of 
colour  are  difTerencm  of  refrangibility,  or  if  traced  to  their  suiirou, 
ditlcranoos  of  wave-frequency.  All  tlio  coloun  in  a  pure  viK-ctruni 
are  objectively  .'«irople,  each  having  its  own  deKnite  period  of  vibra- 
tion by  which  it  ia  distinguished  from  all  others.  But  whereas,  in 
aoousttcs.  the  quality  of  a  sound  as  it  atfi'cts  the  ear  varies  with 
every  change  in  its  com piiwi  lion,  in  colour,  on  the  other  hand,  very 
different  oom|><»itionH  may  pro<luce  precisely  tlie  saiuu  visual  Em- 
preoaion.  Every  colour  tli&t  we  see  in  naturu  can  be  exactly  imitated 
by  an  infinite  variety  of  diSerent  combinations  of  I'tciiirntary  rays. 

To  take,  for  example,  the  case  of  white.  Ordinar}-  while  light 
oowiifitH  of  all  the  coloiint  of  the  spectnim  combined;  but  any  one  of 
the  trleitientat^-  colours,  from  the  extreme  rw)  to  a  certain  [)oint  in 

ollowisb  green,  can  be  combined  with  another  ekuneatary  colour 

■  TnnaUtcd  (mm  BdmlxJU'i  Fh^uletfitml  OpUa.  |  30. 
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oo  the  other  side  of  grtea  in  such  proportJoa  «s  to  yicU  a 
imitatiou  of  ordiiiar>-  white.     The  ])ri»u  would  iitftonUy  rvval  i 
diff«TeiK«8,  but  to  the  naked  eye  all  these  wbitot  ore  cotnploldjF 
tmdistinguishable  one  from  onotlier. 

1071.  UethodB  of  Mixiuff  Colonis. — The  following  are  sotne  of  tht 
bvst  methods  of  mixing  coloun  (that  in  coloured  lights): — 

1.  By  GOiiibiiiiiig  reHected  &nd  tnuiamitted  light;  for  ttxaBi[ 
looking  at  one  colour  through  a  piece  of  glass,  while  aaoUtsr  i 
is  seen  by  reflection  froui  Uio  nvar  side  of  the  glass.  The  Iowa 
msb  of  a  window,  when  oponcd  for  OQOUgb  to  allow  an  ann  tu  b 
put  through,  answcriJ  well  for  tills  puipose.  Tha  brighter  of  the  two 
coloured  objecta  employed  should  be  held  inside  tb«  wiDdow.aad 
seen  by  reflection;  the  setxHid  object  eboold  tlieu  be  held  oolaide  is 
such  a  position  as  to  be  seon  in  coincidence  witii  the  image  of  tbt 
first.  An  the  quantity  of  reSectod  light  incrcaaaa  with  the  ai^U  (i 
incidence,  tlie  two  cotoura  may  be  mixed  in  variooa  prapoctkv 
by  shifting  the  position  of  tlie  eye.    This  method  ts  not  howwcr 

adapted  to  <juanliutiH 
comtiarison.  and  oa 
scarcely  be  anplo^ 
for  combining  more  thM 
tWOOoloUXB. 

2.  By  omployisg  a  p- 
tating  disc  (Fig.  7<4 
oompoeod  of  dilbnatl* 
cotound  aaetcn^  If  Hh 
diao  be  mado  to  renin 
rapidly,  the  aoetoa  vO 
not  be  sepantdy  viAk. 
but  tlittir  ooloun  mU 
appear  bleiMl«d  iateai 
in  nccouni  u(  tha  p«^ 
ICO  of  \*iuta]  iaift^ 
bi<ja».  The  prfipvtia* 
can  be  varied  by  varjilf 
the  sizea  of  the  eectors.  Coloured  dt«cs  of  p«per,  each  bavinf  • 
rutlial  alit,  are  very  convenient  for  thix  purpoac,  u  any 
ntimWr  of  auch  di.>«CH  con  be  combined,  and  the  aixee  o(  tba  i 
exhibited  can  be  varied  at  plcosare. 

Tho  mixed  colour  obtained  by  a  rotating  disc  is  to  bt  UfanW  i 


ngm—mnuumttai^ 
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■  tn«an  of  the  oolotin  of  the  »uvcnU  Bcctont — a  mean  in  which  each 
of  thoM  colouni  ia  usignod  a  weight  proportioiia)  to  the  aixc  of  ttn 
Hoctor.  ThuH.  if  tbo  300  degrees  which  ooropwie  the  entire  disc 
consist  of  100*  of  red  paper.  100*  of  grc*n.  and  ICO*  of  blue,  the 
intensity  of  the  light  received  from  iJie  rod  wlien  tho  disc  ifi  rotating 
will  be  only  JJ  of  that  which  would  be  rvcvivod  from  tlte  rt>d  sector 
when  woeu  at  n»t:  and  the  total  uMcct  on  Uio  roLina  is  repre»onted  by 
^  of  the  int^nHity  of  the  red,  ptiM  ^f  af  the  intensity  of  the  green, 
jihu  H  of  the  intensity  of  the  blue;  or  if  we  deDote  the  colours  of 
the  sedon  by  their  initial  lettora,  tho  utTect  may  be  syniboltxed  by 

Iha  fonuula  'Pm-'^Q*"^     Denoting  the  resultant  colour  by  O,  we 

have  the  symbolic  o<)uatioa 

10B>10Q4^t<B=HO| 

and  the  resultant  colour  may  bo  called  the  mean  of  10  parte  of  red, 
10  of  green,  and  16  of  blue.  Colour-e^aationa,  such  as  the  above, 
are  frequently  employed,  and  may  be  combined  by  the  same  ruin 
•a  ordinary  equations. 

S.  By  eauHing  two  or  more  Hpectra  to  overlap.  We  thus  obtain 
mixtures  which  are  the  sum»  of  the  overlapping  coloun. 

If,  in  the  exporimotit  of  §  I04H,  we  employ,  instead  of  a  single 
trtniight  slit,  a  pair  of  8litM  meeting  at  an  angle,  ho  ns  to  form  either 
an  X  or  a  V,  we  ihall  obtain  mixtures  of  all  th«  sUiiple  coloun  two 
and  two,  .tince  the  coloured  images  of  one  of  tbo  allto  will  cron  Uioho 
of  the  other.  The  display  of  colours  thus  obtained  upon  a  Hcreen  ia 
nxquinitely  bvautiful.  and  if  the  eye  is  placed  at  any  point  of  ihr 
image  (for  example,  by  looking  through  a  hole  in  the  screen),  tliu 
priiun  will  be  aeen  filled  with  the  colour  whicli  falht  on  tliis  point 

1072.  Experiments  of  Eelmbolts  and  Maxwell. — Helmholtz,  in  an 
excellent  scries  of  obeervatioiu  of  mixtures  of  simple  colours,  em- 
ployed a  apcctroBCopo  with  a  V-shaped  aljt,  the  two  strokes  of  the 
V  being  at  right  angles  to  od«  another;  and  by  rotating  the  V  he 
wa«  ablv  to  diminish  the  breadth  and  increase  the  intensity  of  one 
of  the  two  Rpectra,  while  producing  an  inverse  change  in  tli«  othar. 
To  isolate  any  part  of  the  compound  image  formed  by  tbo  two  over- 
lapping spectra,  lio  druw  his  eye  bock  from  the  eye-piece,  so  as  to 
limit  bis  view  to  a  small  portion  of  the  field. 

But  the  most  cfToctive  apparatua  for  observing  mixtures  of  simple 
ooloura  is  one  devbod  by  Profemor  Clerk  Maxwell,  by  means  of 
which  any  two  or  three  ooh>ura  of  the  spectrum  can  be  combined  in 
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any  n!r]uirvd  proiMiHiom.  In  principle,  thi»  ntetliod  U  oavly  oijui- 
vuluiit  U>  looking  Llirougli  Uie  hole  in  tli^  Hcrbcu  in  Ui«  nxponmcnt 
ti))OV«  described. 

Let  P  (Fi^.  769)  bo  a  prism,  in  tbo  position  of  nunimnm  dcvikUiai 

L  a  lens ;  K  iuhI  K  cdgjH' 
}r&t«  fod  for  nj%  of  « 
pftrtJculu-  rrfnogibUit;' 
Mdy  nrd ;  E  juid  V  oaqti- 
gale  foci  fur  rays  of  io- 
oUier  given  refrantrilu 
lity,  aa,y  violeL  U  a  Uit 
iM  openiKl  at  R,  an  »7» 
Rt  F4  will  tiicuivu  only  red  rays,  and  will  see  th©  lenn  iillwl  with  i»i 
light.  If  this  slit  be  closed,  and  a  filit  oponed  at  V,  lh«  ojv,itill 
jilac^d  at  E,  will  see  iho  lens  Kll«d  witlt  violet  lij^lit  If  botli  klili 
Ite  openud.  it  will  suu  the  hns  flllvd  with  a  uniform  mixture  of  tlw 
two  lights;  ftiid  if  a  third  idit  be  opened,  betwvuu  H  aud  V,  tlw  bw 
will  be  seen  tilled  with  a  mixture  of  tJtree  Ughto. 

Again,  from  the  properties  of  conjuji^tt;  foci,  if  a  nlit  in  opnad  M 
K,  itfl  .spectral  imago  will  be  formud  at  II V,  tho  red  part  of  it  bda( 
u,t  It,  and  the  violet  part  at  V, 

The  upparatuit  wat  inclosiKj  in  a  box  paiotod  blacL  withitL  Tbor 
was  a  slit  tixod  in  i>OKitton  at  E,  and  a  frame  with  thrt«  cnavabk 
slita  at  R  V.  When  it  was  deaired  to  comtiine  colours  fiua  lbs 
given  parts  of  the  spectrum,  epvcitied  by  rofvroncQ  to  Frnonbete'i 
lines,  the  slit  E  was  first  tunuxl  towardn  tho  light,  giving  a  nil 
iipt>ctniui  in  the  phuM  B  V,  iu  which  Ftaunhofvr^M  Unu  w«r«  wwUkt, 
and  th(!  three  movahle  slits  were  set  at  the  tliroo  ipecifiMl  pa;V  li 
the  8[)ectiauu.  The  box  was  then  turned  «od  for  end.  so  that  tight 
was  admitted  (reflected  from  a  largo  white  acroea  plaood  in  nuufciw) 
at  the  movablti  slita,  and  tb«  observer,  looking  in  at  Uih  •lit  £.»■ 
the  resultant  colour. 

1079.  Reaulta  of  Experiment. — The  following  arc  some  of  tb«  pio 
cipal  lesutta  of  experiments  on  the  mixture  of  coloured  ligbta;— 

I.  Lights  which  appear  precisely  alike  to  tbo  naked  ays  yvM 
identical  results  in  mtxturvs;  or  empU^ying  the  tenn  timilar  Is 
express  appanynt  identity  as  judged  by  the  naked  aj'c,  tkt  tmmatf 
nimiiar  titj/tta  are  themjuiwm  nmUar.  It  is  by  reowm  of  tki»|Ay- 
iHcal  fact,  that  colour-equations  yield  true  rtBulta  wbcn  armfaa^ 
according  to  the  ordinary  rules  of  elimination. 
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In  the  strict  application  o(  this  rule,  tho  Munft  obacrvcr  must  bo 
tbe  jaiigf-  of  siinilority  in  lh«  ditfornat  ai»e»  considered.    For 

2.  CulouTs  may  be  aiiiiUar  as  seen  by  one  observer,  and  dimimiUr 
as  aei-n  by  another;  and  in  like  manner,  colours  may  be  similar  as 
aMB  ttiruugh  ono  coloured  gluw,  and  dJMumilar  as  iw«n  Uiroii^h 
MUttlier  The  rwwon,  in  botli  ciutw,  m  tiiaX  i>«lc<;tive  aW>r{>Lion 
(lepends  upon  real  composition,  which  may  be  very  ditforent  for  two 
merely  similar  lights.  Host  eyes  are  found  to  exhibit  ncleciive 
abaoTption  of  a  certain  kind  of  elementary  blue,  whicb  is  accord- 
ingly W(.>Akcnc<l  bt-fore  reaching  the  retina. 

3.  Kutwo<;n  any  four  ooloun.  givoa  in  intensity  an  w«II  aa 
in  kind,  one  colour-equation  aubHistti  expressing  tlio  fnct  that, 
when  wo  have  the  power  of  varying  their  inteniutiivi  at  plMisum, 
then;  is  one  definite  way  of  making  them  yield  «  match,  that  ia 
to  say,  a  pair  of  similar  coloum.  Any  o^our  can  thL^ri'forc  ha 
complrtcly  «ped6«d  by  three  numbers,  expressing  its  relation  to 
three  arbitrarily  aelecied  coloum.  Thifl  is  analogous  to  tho  thi<«rem 
in  stntica  that  a  force  acting  at  a  given  point  can  Ix^  specitie<i  by 
tluee  numbon  denoting  its  components  in  three  arbitrarily  selMtcd 
directions. 

4.  BelwcoD  any  Rve  colouni,  given  in  intensity  as  well  tt»  in  kind, 
a  match  can  be  mode  in  ooa  detinitc  way  by  taking  means;'  fur 
■■uuiijite.  by  mounting  the  coloani  on  two  rotating  discs.  If  we  had 
tlte  ]MJwer  of  illuminating  one  disc  more  strongly  than  the  otlter  in 
aoy  required  ratio,  four  coloura  would  be  theoretically  suffiracnt;  and 
wv  con.  in  fact,  do  what  ia  nearly  equivalent  to  ti\\».  by  cuiployiog 
black  mt  one  of  our  five  coloum.  Taking  moana  of  colouni  is  aoato- 
goUB  to  finding  centred  of  gravity.  In  following  out  lli«  analogy,  a 
ookmr  given  in  kind  merely  mnst  bo  represented  by  a  material 
poink  given  in  paeition  merely,  and  tho  intensity  of  tho  colour  mUMt 
be  tepT«seot«d  by  the  mass  of  tlie  niJit4'-riAl  point  Tlio  nteana  of 
two  given  coloiint  will  be  rrpn-M-nted  by  |>oiiita  in  the  line  joiaiag 
two  given  [>oinks.  The  meaits  of  three  given  coloura  will  bo  repra* 
sented  by  points  lying  within  tli«  triangtn  formed  by  joining  thn-e 
given  )>ointa,  and  the  luMum  of  four  given  colouri  will  be  repre- 
sent^Nl  by  point*  within  a  tetralitvlron  whoae  four  comnre  are  givao. 
When  we  have  five  colours  given.  w«  have  five  pointa  given,  and  of 
these  generally  no  four  will  lie  in  one  plane.    Cail  them  A.  B,  C,  D,  E. 


•  I'rapiaUku*  t  and  6  an  wt  rMll;  lsd«p—ih»t,  bet  nfNMnt 
phptwl  («v  rub«r  pkTiMcciail)  k>. 
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Then  if  E  liea  n-ithin  the  tetrabedran  A  B  C 1 
centre  of  gravity  of  A,  B,  C,  and  D  ooincide  wi 
E  can  be  m&tcbed  by  a  luout  of  the  other  four  colours. 

If  E  lies  outside  the  tetrahedron,  it  mu»t  be  situated  at  a  poist 
from  whtcli  either  one,  two,  or  three  faces  are  visible  (the  tcUaliedm 
being  regarded  aa  opaque). 

If  only  one  face  is  visible,  let  it  be  B  C  D ;  th*ui  the  point  when 
the  ttlrajght  line  K  A  cuts  B  C  D  i»  the  match;  for  it  is  a  raeaa  of 
E  and  A,  and  is  also  a  mean  of  B,  C,  and  D. 

If  two  faces  are  visible,  let  them  be  ACD  ood  BCD;  ibva 
the  intL-isvction  of  the  edge  C  D  with  the  plane  K  A  B  b  the 
match. 

If  thrcf  faces  are  visible,  let  them  be  the  three  which  mw-t  at  ki 
tlien  A  is  tliu  match,  for  it  lies  within  the  tetrahedron  E  B  U  D. 

With  nix  given  colourH,  oonibiited  five  at  a  time,  six  diffrml 
matches  can  be  made,  and  six  colour-equations  will  thou  be  ubtaiMiL 
the  consistency  of  which  amon;;  tbcnuwlves  will  be  a  test  of  ifcr 
accuracy  botli  of  theory  and  olw-rvntioa,  ns  only  three  of  the  aix  ean 
Im  rt'iilly  independent.  Kxperiiuonta  which  have  l>uen  ouDduetvdan 
thi.i  plan  have  given  very  consistent  rceulta. 

1074.  Cono  of  Colour. — AH  the  results  of  mixing  eoloan  an 
be  represented  geomctricnlly  by  mcians  of  a  cone  or  pjnaii 
within  whidi  all  po«sible  colouni  will  hnve  their  definita 
The  vertex  will  represent  total  blacknes.i,  or  the  ooniplvto 
of  light;  and  coloui's  situated  on  the  same  line  pamla^ 
the  vertex  will  diller  only  in  intensity  of  UghL  AJiy 
secUon  of  the  cone  will  contain  all  colouns  except  ao  far  aa  iiili  ariij 
is  concerned,  and  the  ooIouth  reaidiiig  on  it«  perimeter  will  be  lb 
colours  of  the  spectrum  ranged  in  order,  with  purple  tii  fill  op  lb 
interval  batwoen  violet  and  red.  It  appears  from  MaxnuU't  axpab- 
menta,  that  the  tniu  form  of  the  cnss-sectioa  iit  a[>pRixiiiiaUlj 
triangular;'  witlt  rod,  green,  and  violet  at  the  thn->e  oomca.  V\m 
fill  tlie  colour  have  been  assigned  tlieir  prvpvr  plncas  in  tiM  amk 
ti  HtraJght  line  joining  any  two  of  them  paaiuM  ihnHi|:fa  ooImd 
which  aro  hk^iih  of  these  two;  and  if  two  lines  uw  dr«wn  trma  ll« 
vertex  to  tuiy  two  colount,  tlie  parallelogram  cottatnictod  oa  ^3)tm 
two  lines  will  have  at  ite  further  comer  the  colour  which  U  tba  tm 
of  these  two  colours.     A  certain  axial  line  nf  the  oone  will 

'  The  ihapo  of  tha  tri&n|[U  b  t>  omt*  tatMut  it  <aa 
of  rut. 
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whit«  or  gny  at  all  poiiitu  »C  ita  lungUi.  tuti\  iiiay  b«  cftllcd  tho  ^(iM 
o|  white. 

It  Li  convenient  to  dLtUnguuih  Uir««  qu&lUies  of  colour  which  mny 
ba  ladlecl  hae,  depth,  and  brigktneaa.  Drightnees  or  inA^nnty  of  light 
is  rcprcHcnU-d  by  distaace  from  tho  vertex  of  the  cone,  Dtjith 
(lependH  upon  angtilnr  distanoo  from  the  linu  of  whitv,  and  ta  the 
aauie  for  all  pointA  on  tho  sanio  line  through  the  vi*rtex.  Palenem 
or  lighttvtat  is  the  opposite  of  deptJ),  and  in  measured  by  angulu 
nearness  to  the  line  df  white.  Uxie  or  tiitt  is  that  which  is  often 
fxir  etoelUnce  termed  colour.  If  wo  suppose  a  plane,  containing  the 
line  of  white,  U>  ravulvo  about  this  line  as  axis,  it  will  pam  auoc«a- 
Htvnly  through  dillercnt  tiiit^;  and  in  any  one  poution  it  contains 
only  two  ttntA,  whieli  are  separated  froin  eacli  other  by  tJie  line  of 
white,  and  arc  couiplemontary. 

'  Mad  b  0>mpUmNi(>i7  to Blaiih  Rtwa. 

OrM(*        H  n        Skj  blUA. 

YdUw TiolM  liltM. 

OfMnUb  j«U<>w       „       Vial«t. 

OnM  H  H Tluk. 

Any  two  colours  of  eomplemeDtary  tint  giw  white,  when  mixed  In 
projwr  proportioua;  and  any  tliree  colours  can  be  inixod  in  such 
proportions  as  to  yield  white,  if  the  triangle  formed  by  joining  them 
is  pinrcRd  by  tlie  line  of  white. 

Every  colour  in  nature,  except  purple,  is  similar  to  a  colour  of  the 
spoctruin  eitlior  pure  or  diluted  with  gray;  and  all  purplca  are 
Mtnilar  to  inixturos  of  md  and  blue  with  or  without  dilution. 
Brown  can  be  imitated  by  diluting  orange  with  dork  gt»y.  The 
orang<«  and  yellow  of  the  spectrum  can  tbemselveB  be  imitated  by 
addin;;  t^j^other  rctl  and  green, 

1075.  Three  Primary  Coloar-ussatioaa — All  antlioriUes  ant  now 
agreed  in  acoopting  the  doctrine,  Hnit  projwundud  by  Dr.  Thotnaa 
Voting,  tltat  there  are  three  elentetits  of  colour-sensation ;  or,  in  other 
word».  three  distinct  physiological  actiotts,  whicli,  by  their  various 
ooRibinaiions,  produce  our  various  sensatioos  of  coloar.  Eieh  is 
exdtablo  by  lif;ht  uf  various  wave-loogtha  lying  within  a  wide  nu^a, 
but  has  a  maximum  of  excitability  for  a  giarticular  wave-length, 
and  ts  affected  only  to  a  slight  degree  by  light  of  waT«-length  very 
dilfcrant  from  tlits.  Hie  cone  of  colour  b  Iheoretically  a  triaogulu 
pyraniitl.  having  for  it^  three  edges  the  coloun  which  oorreepood  to 
tlieeie  thrtNi  wave-lengths ;  but  it  is  prolmble  tliat  we  cannot  obtatD 
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one  of  the  thne  elenientan-  oolour-iteEUAtioiiM  i|tiito  fn*"  tram  Adsux- 
ture  of  the  other  two,  and  the  edges  of  tln'^  pynuuid  arc  thu*  jTscti- 
eal\y  rounded  off  One  of  these  aeosationa  is  excited  to  iti  graUMi 
purity  by  th«  green  near  FraunboFer's  line  b,  another  by  Um  vxtnor 
red,  and  the  third  hy  the  extreme  violet 

Helroholtz  nscribcii  tliusc  three  actions  to  three  distinct  Mti  d 
ncr\'v^,  having  thtir  termination.';  in  di^urunt  parts  of  the  ihirlfTW 
of  the  r^^tina — a  HupiHivitiun  nliidi  aida  in  nccouDting  For  the  apprad- 
mate  tujhrotuatiflni  of  Ute  eye,  for  the  three  aets  of  nerve-terailtiatiow 
may  thus  be  at  the  proper  distances  for  receivjnj^  distinct  i 
red.  green,  and  vioU-t  respectively,  the  focitl  length  of  a  leu 
shorter  fur  violet  tlian  for  red. 

IJght  of  great  intenitity,  whatever  its  composition,  iK«m»  to  f» 
duce  a  considerable  excitement  of  all  three  elements  uf  ool 
tion.  IF  a  spectroscope,  for  exampl«,  bo  dirvcted  first  tu  thv 
and  then  to  the  sun.  all  part;'  nf  tlie  spectruiD  appear  much  palerfi 
the  latter  case  than  in  Uie  former. 

llie  popular  idea  that  red.  yellow,  and  blue  are  the  three  pfin*' 
riea,  is  quite  wrong  as  regards  mixtures  of  tights  or  oonibi&atjoim  d 
colour-sensations.  The  idea  has  arisen  frotu  facts  observad  is  (■*■ 
oectioD  with  the  mixture  of  pigments  and  the  tnuismitiiioD  of  light 
tbrotigh  coloured  glasaes.  We  have  already  pointed  out  tha  tm 
interpretation  of  observations  of  this  nature,  &n<l  lutv«  only  do*  to 
add  tliat  in  attempting  to  construct  a  theory  of  the  oolonn  oUaiaiJ 
by  mixtures  of  pigments,  the  law  of  subetttutton  of  nmiiart  taaaA 
be  employed.  Two  pigments  of  simUar  colour  will  not  in  gmeai 
give  the  same  result  in  mixturi». 

1076.  Accidental  Images.— If  we  look  steadily  nt  a  bright  itaiai* 
glaas  window,  anti  then  turn  our  eyea  to  a  whit«  wall,  we  m*  M 
image  of  the  window  with  the  colours  clianged  into  their  earn- 
plement&riea.  The  explanation  is  that  tliu  nerves  which  hart  btm 
stroD^jly  exercised  in  tlie  perception  of  the  bright  ooloun  hsT*  W 
their  sensibility  dimtnzshed,  so  that  the  balaoM  of  actioa  wUi^b 
neceee&i7  to  tlie  sensation  of  white  no  longer  ezista.  bal  tkaa 
eleiiK-ntM  of  sensation  which  have  not  Iteen  weakttnod  pnpoidia* 
The  Hiilijec^ve  a{q)earftaces  arising  from  this  0«u«  are  cmllad  ttf^ 
tive  aceid&rUal  images.  Many  well-known  effects  of  oontiasi  m 
similarly  explained.  Whit«  paper,  when  eoen  upon  a  bsckgnoirf 
of  any  one?  colour,  often  appe^re  tinged  with  the  eamfiem^Mj 
colour;  and  stray  beams  of  sunlight  entering  a  rooia  ahttdad  «<lk 
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yellow  holtiuid  blinds,  produoo  blue  Btreaks  when  thvy  fiUl  uikhi  a 
whito  UbU-cluUi. 

In  some  cnoce,  fApocially  wbtn  Oio  ubjc«C  looked  at  ia  painfully 
brigfit,  there  b  a  pontive  accidental  image;  Uiat  is,  one  of  tlio  same 
colour  aa  tlie  object;  and  tJiis  ts  fr'-')iiently  followed  by  a  opgative 
iiiui^'c.  A  po«ilive  accidental  imago  may  be  regarded  as  an  extreme 
iniitanoe  o(  tbe  pemstenoe  of  imprrasions. 

1077.  Oolonr>bIindneaa. — Wbat  in  called  colour-blindneas  baa  been 
found,  in  every  ca.sc  ^vhicli  haa  been  carefully  inveatigatod.  to  coasist 

tliv  absence  of  tbe  eleuientary  sensatioo  corresponding  to  red. 

penrnti'^  tbus  affected  the  nolar  spectrum  appears  to  consist  of 

I  dceidudly  distinct  cotoun,  with  wbite  or  gray  at  their  place  of 

jonction,  wliicli  tM  a  lilllv  way  on  the  leas  refrangible  ttide  of  tbe 

^Une  P.     Uno  of  Uk^sc  two  colours  i»  doubtless  nearly  identical  with 

itbe  normal  sensation  of  blue  or  nolet.     It  attains  its  maxiuium 

I  about  midway  between  F  and  Q,  and  extends  beyond  G  as  f ar  aa 

ithc  normally  visible  spectrum.    Tbo  otlier  colour  ext<^'uds  a  uunxtdrr' 

[able  distance  into  what  to  normal  oym  ]»  Hit  rc^l  )>ortion  of  the 

I  qiectrum,  attaining  ita  maximum  about  midway  between  D  and  E^ 

and  bt'coming  deeper  and  more  faint  till  it  v&nisbes  at  about  tbe 

place  where  to  Dormal  eyee  crimson   Wgin».     llic  scark-l  of  the 

ctnim  U  thus  visible  to  the  colour-blind,  not  aa  scarlet  but  as  a 

deep  •lark  colour,  perhajM  a  kind  of  dark  given,  orango  and  yellow 

as  brighter  shades  of  the  same  colour,  while  bluish-green  appean 

nearly  white. 

It  is  obvious  from  this  account  Uiat  wbnt  is  called  "  colour-blind- 
nsH "  should  mthcr  l>v  called  dichrvic  vmon,  normal  vision  bf  ing 
distinctively  di-siignated  as  triehroic  To  tbe  diehroio  eye  any  colour 
ean  Imi  matched  by  a  mixture  of  yellow  and  blue,  and  a  tnalch  can 
he  made  between  any  three  (instead  of  four)  given  colours.  Objecta 
which  have  the  same  colour  to  tlio  trichroic  eye  have  aim  the  same 
colour  to  the  <iicbroic  kvk. 

1078.  Colour  and  Hnaical  Pitch. — As  it  is  completely  eotablislted 
that  the  diHervnce  between  the  coloure  of  the  spectrum  is  a  ditTer- 
enoe  of  vibration-frequency,  there  is  an  obvious  analog^'  letweea 
colour  and  musical  pitch;  but  in  almost  all  details  the  rclatioaa 
between  colours  are  strikinj^dy  ditTcnrnt  from  the  relations  betwoan 
sou  mill. 

The  oompoMH  of  visible  colour,  including  the  Uvender  rays  which 
lie  beyond  the  \-iolet,  and  are  perhaps  visible  not  in  themselves. 
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but  hj  the  flnoreacence  which  they  produce  on  the  retina,  is, 
Euxording  to  Helmholtz,  about  an  octave  and  a  fourth;  hut  if  we 
exclude  the  lavender,  it  ia  almost  exactly  an  octave.  Attempts 
have  been  mEuie  to  compare  the  succesaive  colours  of  the  Bpe<:tniD) 
with  the  notes  of  the  gamut ;  but  much  forcing  is  necessary  u> 
bring  out  any  trace  of  identity,  and  the  gradual  transitions  which 
characterize  the  Bpectrum,  and  constitute  a  feature  of  its  beauty,  ut 
in  marked  contrast  to  the  traositions  per  saltum  which  are  required 
in  music. 


CHAPTER     LXXIV. 
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I07fi.  Principle  of  Huygena.* — The  propngalioD  of  wavM,  whvUicr 
of  sound  or  light,  l<i  a  propagation  of  energy.  Each  small  portion  of 
^ftthe  modiuni  experiences  successive  chan^a  of  state,  involving  dianges 
^Bn  tho  forces  whidi  it  exerts  upon  neighbouring  portions.  Tbeaa 
^Bhangv*  of  force  produoo  cliangcti  of  state  tu  these  neighbouring  por- 
^^iioiitt,  or  in  such  of  ihem  as  lie  on  the  forward  niile  of  the  wave,  and 
^tltua  a  diaturbaiice  existing  at  any  one  jiart  in  propagated  onwarda 
Let  VA  denote  b^'  the  name  uvtve-fnmt  a  continuous  surface  drawn 
otigb  particles  wtiich  have  tlie  same  phase;  then  each  wave-front 
Ivaneca  willi  tlie  velocity  of  light,  and  each  of  it«  ]K>iots  may  be 
Jed  a»  a  aecuiidary  centre  from  which  difiturbunccs  are  oontiou- 
pr<)[)agatc<l.  ThU  mode  of  regarding  the  proi>agatioii  of  light  Ia 
llM  to  Iluygens,  who  derived  from  it  the  following  principle,  which 
I  at  the  root  of  all  practical  applications  of  the  undulatory  theory: 
:  dwturbttnce  at  any  point  of  a  ttxtve-front  U  Ike  rfJtvlUtiU  (given 
tb«  parallatogram  of  niotiom)  of  tha  Mparatt  ilutlurba'nca  whidt 
diftrenl  portions  of  th«  tame  wavt-front  in  tm^  on*  of  iU 
iWter  pointiomt,  would  Aatw  occasioned  if  acting  nnfftjf.  This 
loiple  involves  the  phj-sical  fact  Utat  rays  of  light  we  not  atTocted 
crossing  one  anotJicr;  and  itn  truth,  which  haa  been  axpariianit* 
[ly  tMtod  by  a  variety  of  oonm({uenoos,  must  bo  taken  om  an  indica- 
that  tile  ainpIitiideN  of  luminiferoux  vibrations  are  tntinitesimal 
I  C(vnpari»on  witli  the  wave-lengtlia.  A  similar  law  applies  tu  the 
resaltant  of  small  disturbaooes  genorally.and  is  called  by  writers  on 
lynamtcs  the  law  of  "HU|M-qK)eition  of  Mnall  motloRH."  It  in  aualo- 
to  tlie  arithnietical  principle  ttiat,  when  a  ajjd  It  am  very  amall 
etion*,  the  pnxlitct  of  I  +  a  and  1  +b  may  be  identified  with 

>  fw  ikB  ipOUnii  at  UiU  nan*  •«  nnurkt  tf  UlMHk  JfMalfw  *  r^MilMk.  t  TTI. 


1100 


THEORY    or    LIORI 


l  +  a+b;  the  t«rm  a  6,  which  raprcscnbi  the  mutual  infiucnm  of  two 
email  chnn^ci!,  being  negligible  in  cotnpMiiiion  with  the  sum  a+b  cf 
the  suiall  chaitgott  thenutelvos. 

1080.  BxplBcation  of  Rectilinear  Propa^tJos. —  In  a  mediniii  b 
which  light  travels  with  the  .lanie  veh>city  in  al]  )MU-ta  ami  is  til 
directiona,  tJie  waves  propagated  from  any  point  will  btt  eoocanlrie 
apliurw,  having  thU  point  for  centre;  and  the  Unee  of  pro|«,uati(a, 
in  oUicr  worJn  the  rays  of  light,  will  tw  the  radii  of  thcw  splNOK 
It  can  in  fact  be  »liown  tliat  the  only  pari  of  oae  of  these  wav« 
which  needs  to  be  cx^naidered,  in  computing  the  resultant  diaturtaoM 
of  an  «xt«nial  point,  is  the  part  which  lies  directly  Imtwton  tUi 
oxbomal  point  and  the  ountre  of  the  sphere.  The  remaindor  of  tti 
wave-front  can  be  divided  into  small  parts,  each  of  which,  by  tltt 
mutual  int«rfen:nce  of  its  own  subdiviaiotw,  given  a  resultant  e&d 
of  xero  at  tlie  given  point.  We  express  these  properties  by  nyiaf 
that  in  a  komogeneoua  and  iMtropto  nudium  the  Mnvc-aa-rfae*  iia 
gphe}-e,  and  the  raya  art  ■normtd  to  the  wave-fronts.  Thia  dawrf 
media  includes  gases,  liquid*.  crystuU  of  tlid  cubic  8yst«to,  and  «•&• 
atineak-d  glass. 

If  a  milium  be  humogcneom  hut  not  btotropicr. 
emanating  fi-oni  a  point  in  it  will  be  propagated  in  waves  which 
retain  their  form  unchanged  aa  they  expand  in  receding  from  tkor 
source,  but  this  form  will  not  generally  bo  spherical.  Th*  raT»<l 
light  in  such  a  medium  will  lie  siraight,  proci-uding  dirvctly  fnm  tb 
centre  of  disturbance,  and  any  one  ray  will  cut  all  the  wavc-froA 
at  the  .same  angle;  but  tliis  angle  will  generally  l<o  dilTanai 
ditl'erent  rays.  In  this  ca.se,  as  in  the  last,  the  diaturlttuoa 
at  any  point  may  be  computed  by  merely  taking  into  mtecnM  te 
small  portion  of  a  wavo-front  which  lies  directly  lM-tw<<ttn  the  fnm 
point  and  the  sonrce, — in  other  words,  which  lies  on  or  vtty  soB* 
the  r&y  which  traverses  the  given  point 

A  disturbance  in  such  a  medium  usually  gives  rise  to  tvoa*<' 
waves,  having  two  difitinct  £onn«,  and  these  nunarka  ^^br  U  mA 
Set  separately. 

The  tendency  of  the  diflferent  parts  of  a  wav&<froiit  to 
diitturbanoee  in  otlior  directioos  b«sidea  the  single  one  to  whidb 
propagation  is  usually  confined,  is  manifested  in  certain 
which  are  included  under  tlie  general  name  of  diffmetum. 

The  only  wave-fronts  witli  which  it  is  necesmzy  to  ooooMi 
selves  are  those  which  belong  to  wavee  emanating   b^»m  a  ■ 
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at, — thftt  is  to  »ay,  either  from  a  surface  roily  very  nuJl,  or 
from  s  soifaoe  whicli,  by  reason  of  ibi  disUnce,  subtends  a  v«ry 
small  Roliii  nnglu  at  the  parts  of  space  considered. 

lOSl.  ApplioaUon  to  Refhtetion. — \V\xi'n  wavos  ari>  proj)a{^t«d  from 
'  one  iiiimIiuiii  uiU>  another,  the  principlii  uf   Uuygcns  Ivads  to  thu 
following  couHtruction : — 

let  A  E  (Fig.  770)  represent  a  [wrtion  of  the  surface  of  se]uimti<»n 
,  botw€«o  two  media,  and  A  B  a  portion  of  a  wave-front  in  Uiv  tli-^t 
Juin;  both  portions  being  small  enough  to  be  regarded  aa  pLan«. 


HK  Wa— Ji>)tw*'  OmmimpUmi  fw  Wan-fmoL 

Then  straight  lines  C  A,  D  B  E,  normal  to  the  wave-front,  roprosont 
rayn  inci'lt-nt  at  A  and  K  From  A  as  (%>ntrc, deacribe  a  wave-uurfim-, 
of  *>uc}i  tlimunsioiM  tliat  light  emanating  from  A  would  niacii  itiiti 
surface  in  tlie  same  ttnto  in  whidi  light  in  air  travels  thn  <liiitAnov 
B  E,  and  draw  a  tAngt:nt  plan4!  (peq>endicutar  to  the  plane  of  indd- 
[ence)  through  E  to  thi^i  surface.  Let  F  l>e  the  (mint  of  contact 
[(which  is  not  neoeesarily  in  the  plane  of  inci<)cnce).  Thi<n  Uic  tan- 
ant  phuM  BF  ia  a  wave-front  in  tbo  MOund  medium,  and  A  K  w  a 
in  the  SDOond  medium;  for  it  can  bo  shown  iliat  dinturlianMa 
apagated  from  all  pointA  in  the  wave-front  A  B  will  jtiiit  Iiave 
£F  when  the  ilLiturhanee  propagated  from  B  Iiba  ri<ac'hi'<l  R 
Tm  example,  a  ray  prooeediug  from  m,  the  middle  imitit  o(  thv  line 
B,  will  cidiaust  half  the  time  in  travelling  to  tlitf  middle  point  a 
A  E,  and  the  remaining  half  in  travelling  through  a/,  equal  and 
IjuuiUM  tohalf  of  AF. 

When  the  wave-«urfa«CA  in  Inith  media  are  spherical,  the  plan<wof 
iincitlence  and   refraction  A  B  K.  A  F  E   coincide,  the   angle  B  A  E 
{{Fig.  771)  between  tlie  flnt  wave-front  and  the  surface  of  separation 
the  aaine  aa  the  angle  between  the  oormaU  to  tliese  surfaces,  that 
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is  to  say,  is  tho  angle  of  in<uilence;  aiid  the  angle  A  EF  betwoa 
the  oarfooe  oE  separation  and  tlie  second  wavo-front  is  Uk*  uiyU  lA 

n  If 

llie  sine  of  the  former  is  ,,-^,  and  the  sine  of  dte  Utter 
'^'  is  thtirefon  ^^     But  U E  and  A  K  are  dw 


refraction. 

The  ratio 


IS 


AV 


Ra- 


nur 


«(.  m.— WftT^faaat  tnlMteMT  RstntiMi 


difltanoefl  tr&vcllMl  in  tb«  i 
timo  in  tho  two  modta  HcBcr 
the  nnoa  of  tht'  an;*h9  of  ift- 
cidence  and  rvfmrLiuu  aiw  di- 
rectly as  the  velocitim  of  piv- 
pa;,'(ttion  of  the  tucidnat  utJ 
rulroctod  light.  'I*he  retatin 
iruinc  of  rufraction  fruu  ub» 
tntiiiuui  into  anoihor  i»  ih^r^ 
fore  the  nUio  of  IA<  ni/ock:> 
0/  liijht  in  the  Jind  mwJi'iim  i* 
iUs  vetocity'in  (A«  neamd;  ami 
tiie  absolute  indai  of  nftae^v^  of  any  mac/nim  is  tnvcnrty  im  tl* 
tw^ocit^  0/  light  in  that  medium, 

lOSS.  AppIfoatioB  to  Reflection. — The  expIonAiioQ  of  refl«>li(a^H 
pix-ci^'ly  siiiiiliii-.     Let  C  A,  D  R  <ri^.  772)  Iw  piittUlel  mys  inaJ^^I 
at  A  and  K;  A  B  the  wavv>front.    Ah  tho  sucouwuve  pojats  uf  fht 
wave-front  arrive  at  the  roSuctiiig  Burfaoe,  hemu^bsrieal  n» 

diverge  from  th«  pointa  <f  t» 
cidenoe;  and  by  the  tine  tbt 
B  reaches  E,  the  wave  boa  1 
will  hav«  divurged  in  all  ilin»' 
bona  to  a  distwiioe  «}»)  t> 
BE.  If  tlien  we  dawnU  ia 
the  plane  of  ineidenoa  a  aat- 
drde.  with  oetitro  A  and  ndi» 
equal  to  BE,  thr  tangvat  EF 
n»m-w.».fm.miMMita  ^  ^^  lemicirclo  will  fat  Ikr 

wav6< front  f>f  tbe  nAaiad 
light,  ainl  A  F  will  ha  the  reJIoeted  ray  corr««p»ndin(j  to  the  iiiiiito 
my  CA  From  the  e<)uality  of  the  nght-ao(;lMi  trituigl«i  ASt 
EFA,  it  is  evident  that  tbe  angles  of  incideaou  and  RtAMdOBi* 
•.■qual. 

loss.  Newtoniao  Bxplaaation  of  Reftaotloa. — lu  tho  2it«wi«a« 
theory.  Uic  change  of  direction  which  a  my  L'xptnivnoea  at  th«<  boia^ 
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_  Hurr««e  of  two  nieilia,  i»  attributed  to  tlte  pr«poiul«nnoe  of  tlit 
oUractiuD  of  tiiv  daoMT  uiiMiium  upon  the  iMtHiclos  of  ligbt  A«  tlia 
resultjint  force  of  this  Mtnwtion  is  nonnitJ  to  the  surface,  the  tan- 
gential component  of  velocity  remains  uncliaii^i],  and  the  normal 
eom|>oncnt  is  increased  or  diminished  acoordiu;;  as  Uie  incidcncv  U 
from  rare  to  densv  or  from  doiuu  to  rare.  Lot  fi  denote  tlio  relative 
index  of  refrarlioti  from  runs  to  denM.  i*ct  v.r'  bo  tJio  volodties  of 
light  in  the  rarer  and  denser  medium  reiip«etivGly,and  i,  t' tlie  angles 
which  tho  rays  in  the  two  media  make  with  the  normal.  Tlien  the 
l<tW£eiitial  oom]HinL-nts  of  vulocity  in  the  two  media  ar»  v  bid  t ,  t/  bIh  t* 
■respectively,  and  tliote  by  Uio  Newtonian  tlK-ory  are  equal;  wbenoe 

i~^f~l''  ^1'*^"*''  according  to  the  undulatory  theory  ;=  .  In 
the  Newtonian  theory,  the  velodty  of  light  in  any  medium  is 
directly  as  the  absolute  index  of  refraction  of  the  medium;  whereas, 
in  tJie  undulatory  theory,  the  reverse  ntle  holds. 

The  main  design  of  Foucault'e  experiment  with  the  rotating  mirror 
(g  1)43),  in  its  ori|pnal  form,  was  to  put  those  oppostt«  conclusions  to 
the  lest  of  direct  experiment.  For  this  purpose  it  was  not  neoeesary 
to  deieruiine  the  velocity  of  the  rotating  mirror,  sinoL>  it  aflected 
both  the  observed  displacements  alike.  The  two  images  wen;  seen 
in  the  same  Held  of  view,  and  were  easily  d)sUnguishe<I  by  Umi  groea- 
ness  of  the  water-image.  In  every  trial  the  water-inmge  was  ntor* 
diaplaoL-d  than  the  air-image,  indicating  longer  time  and  slower  velcK 
city;  and  tlie  tDeaauremenbi  taken  were  in  oomploU)  accordance  with 
the  undulatoiy  theory,  while  thu  Newtonian  theory  was  ooncloaively 
dispTuved. 

1064,  Principle  of  Least  Time. — The  path  by  which  light  travels 
from  one  point  to  another  is  in  the  generality  of  casM  tliat  which  occu- 
pies leattt  time.  For  exsiiiple,  in  ordinary  casai  of  reflection  ^except 
from  very  concave'  surfaces),  if  we  select  any  two  jxiints.  one  on  tlie 
inciddiit  and  tlie  other  on  tJie  reflected  ray,  the  sum  of  tlieir  distanoui 
■  from  tlie  point  of  itM:i<leuco  is  less  than  (he  sum  of  their  di»taneos 
from  any  neighbouring  point  on  the  reHectiog  surface.    In  tliLi  case, 

t since  only  one  medium  is  oonoemed,  diatanoe  ia  proportional  to  time. 
When  a  ray  in  air  is  refracted  into  water,  if  we  select  any  two  poiiti/<. 
'« 
Om 
: 


*8nppaai  hi  •DipM  tecribtcl,  hiring  Um  two  Mlectail  tofaili  for  (od,  Mtd  ftttag 
Omifh  Uw  poliri  ol  Itfclwie*.  If  tb*  cwvkliir*  ol  llw  rriUoUng  wrfioa  In  Of  ptiM  U 
lwUiiMaiign>tirUiantlwew*U>ii«otUiU>lll|i»,(lwlM(tb«l  Um  |iaUi  to  a  uualBwah 
K  lam  a  nlalaiu*.  TUa  MIom  at  ono*  Inm  Uw  ocMteaay  «l  Um  tarn  •<  Um  IooJ 
ltiMidU|m> 
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one  on  the  tnciJcDt  and  thcoUteron  tUe  rofrkcWl  m7,UKl  nil  tl»lr 
distADceB  frutii  Riiy  ]>oint  of  Uie  refracting  surboe  i,  •*  raspccUviljr, 
and  till]  vclocitiv*  of  propagatiou  in  the  two  medift  v,  ff,  then  tbe  mm 

of  *  and  ^  is  generally  leas  wbeo  «  and  a'  are  measured  to  tlie  pobl 

of  inddetico  than  when  they  are  measured  to  any  neighliourtog  poiDl 

on  the  surface.    ^  is  evidently  the  Uiuu  of  going  from  the  tint  poist 

to  the  refracting  surCaoe,  aod  y  ths  tiiuo  from  the  refracting  saAet 

to  tho  Eooond  point. 

The  proposition  an  above  enunciated  adniibi  of  certain  exeeptkBl 
Uie  Uiiie  being  sometimes  a  masimum  insK^ad  of  a  ininimom.  1W 
really  essential  conditicn  (which  iit  fuldlled  in  both  tiioM  oppcaili 
caaee)  is  that  all  points  on  a  small  area  surrounding  the  pdal  4 
incitlenoc  ^vc  eensibiy  Uto  «um«  Ujiu..  The  coinpooeni  wavee  m* 
from  all  parts  of  this  amall  area  will  be  tn  the  tiniuu  phase,  and  eiD 
propagate  a  ray  of  light  by  their  combined  action. 

Wlien  the  two  points  oouKidered  are  coi\ju;;nte  foci,  and  iImr  a 
no  alterration.  this  condition  must  be  fulfilled  by  all  the  nys  lAsA 
paas  through  both :  and  the  tim«  of  travfitinff  from  one  /oou  Id  ct« 
other  i«  the  «ame  /or  all  the  rxiya.  Spherical  wnvos  diverging  boa 
one  focus  will,  after  incidence,  become  spherical  waves  convcfps:i» 
or  diverging  from  its  conjugate  focus.  An  t-ffect  uf  this  kind  ou  >> 
beautifully  exhiUtod  to  the  eye  by  meooa  of  an  elliptic  dish  i 
ing  mercury.  If  agitation  ia  produced  at  one  focus  of  the  cUiiM  l« 
dipping  a  small  rotl  into  tlie  liquid  at  this  point,  circular  warn  •uj 
be  seen  to  converge  towards  the  other  focus.  A  cdrcular  dtt  t^\ 
bits  a  similar  result  somewhat  imperfectlyi  waves  diver^ag  timt 
iMjiut  near  the  centre  vdil  bo  seen  to  converge  to  a  point 
cally  situated  on  tlie  other  side  of  the  centre. 

\Vhen  the  second  point  lies  on  a  caustic  surface  fon&ed 
reflection  or  refraction  of  rays  emanating  from   thti  tinit 
points  on  an  hxka  of  sensible  magnitude  in  the  nuigfabouriwod  <!■ 
point  of  in^^iilence  would  give  sensibly  the  same  time  of  I 
at  tli<^  actual  point  of  incidrnci',  so  that  the  lijgbt  whkih 
a  point  on  a  caustie  may  be  reganltid  as  coming  ftun  ■■  iM^ 
sensible  magnitude  insteail  of  (on  in  the  caa«  of  {mint*  no*  ■■  ^| 
caustie)  an  excmsively  small  area.     An  eye  plnoed  at  a  poiBl  ■*  I 
caiutio  will  aee  this  portion  of  the  surface  fiUed  with  ti|thL 

As  the  velocity  of  light  is  invenwily  proportional  to  the  iakt^  I 
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j^lftHllaB  t>-  the  timir  of  travelliDg  a  tlititAnoe  «  with  cooatant  Tolodty 
tttf  %k  #«prc»cnUMl  by  /ta,  and  it  a  ray  of  light  powea  from  one  poiot 
to  another  by  aciuuked  path,  matlo  up  of  straight  linM  »i,»^s,.  ■  ■  •  • 
lying  in  uodia  wboae  absolute  in<Uc«.s  am  fi„  /i.,  ^„  . . . ,  the  expres- 
BJoii  |t,a^+tl,aJ  +  |t^af+  .  .  ,  repreaenUt  Uie  time  of  pAasage.  Thia 
•xpruHsion,  which  oiay  be  called  the  sum  of  muJi  (emu  aa  jie,  niiut 
Uterefore  fulfil  the  above  condition;  that  is  to  eay,  the  pointo  of 
indilence  on  tlio  surfac4M  of  Hoparation  must  be  eo  situi  ted  tltal  this 
sum  either  reiiutitui  absolutely  oomstaut  when  small  ebantfca  are  aup- 
pOMii  to  be  made  in  the  posittona  of  tliese  point*,  or  else  r«taina  that 
approximate  constancy  which  is  characteristic  of  maxima  and  minima. 
Convunoly,  all  lines  from  a  luminous  point  which  fulfil  thia  condition, 
will  be  pallui  of  actual  rays. 

lOSd.  Terreitrial  Btftractlon.' — The  atiuospbvre  may  be  rct;ardc<l  an 
hotiiogeceous  when  we  confine  our  atU-ntiun  to  Miiall  portions  of  it. 
and  henoe  it  is  sensibly  true,  in  ordinary  experiments  where  no  great 
diotanocs  are  coocemed,  that  rays  of  light  in  air  are  straight.  Just  as 
It  M  tniu  in  the  same  limitud  svnse  that  the  surface  of  a  liquid  at  rust 
ta  a  hohxontal  piano.  Tlie  surface  of  an  ocean  is  not  plane,  but 
approximately  spherical,  ib<  curvature  being  quite semiblo  in  ordinary 
nautical  observations,  where  the  tlistanoe  concerned  Ls  merely  that 
of  the  visible  sea-horizon;  and  a  correction  for  curvature  is  in  like 
manner  required  in  observing  levels  on  land.  If  the  olaerver  is 
standing  on  a  perfectly  level  plain,  and  obser%'ing  a  distant  object  at 
precisely  the  same  height  im  his  eye  above  the  plain,  it  will  appear 
t<i  be  betuw  ha  eye.  for  a  horlumtal  fjarui  tlirougb  hifi  eye  will  paM 
above  it,  since  a  perfectly  level  jiain  is  not  jAane.  hut  sliares  in  th« 
general  curvature  of  the  earth.  It  is  easily  proved  that  the  apparent 
depression  due  to  (his  cause  is  half  the  angle  between  the  verticals 
at  tile  positions  of  the  ob«M.Tvor  and  of  the  object  observed.  But 
oxperiunc«  lias  shown  tliat  tliis  apparent  dcprosston  is  to  a  consider- 
•hie  extent  modified  by  an  opposite  disturbing  cauM,  caltad  Urrt»- 
trial  rrfraetion.  When  the  atnieephero  b  id  its  normal  eoodition, 
a  ray  of  light  from  the  object  to  the  observer  ia  not  stndght,  but 
la  itlij^htly  concave  downwards. 

This  curvature  of  a  nearly  liorixontal  ray  is  not  duo  to  the  curva- 
ture of  the  earth  and  of  the  layers  of  equal  density  in  the  earth's 
atotosphero,  as  is  often  erroneously  supposed,  but  would  still  exist, 

•  rgr  tlM  UmUoc  Um  whkh  b  4«*<lii|wd  to  H  lest-IOST,  Ik.  Kdlbir  U  IsMtod  to 
I  ftoM  PntMMC  JaoM  ThowsBB. 

IS 
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and  with  no  nen-siMe  cliange  in  itt  aiuount.  if  tlio  eartli's  suKms 
plane,  and  the  directions  of  gravity  everywhere  pAir&lttil.  It  b 
to  th«  fact  that  light  travels  faster  in  the  rarer  air  above  tlian  in  tbe 
d«nscr  air  below,  so  that  time  is  saved  hy  deviating  slightly  t«  tli« 
upper  side  of  a  straiglit  course;.  The  actual  amooct  of  C1l^^'atun;  i«i 
det«rniinfid  hy  surveying)  t»  front  }  to  iV  of  tbu  curvatura  of  ih§ 
earth;  that  is  to  say,  the  radius  of  curvature  of  the  ray  i«  fran  2  to 
10  times  the  earth's  radius. 

1088.  Calculation  of  Cnrvatnre  of  Rajr. — In  order  to  calcalate  tlw 
radius  of  <:ur\*ature  from  physical  dala,  it  is  better  to  approach  ll* 
subject  from  a  ttomewhat  dilTere&t  point  of  view. 

The  wave- fronts  of  a  ray  in  air  are  p«q>eodteular  to  the  raj;  aa>l 
if  the  ray  is  nearly  horizontal,  ita  wave-fronts  will  hn  tn-arly  virtiml 
if  two  of  these  wave-frtaits  are  produced  downwards  until  they  iMrt. 
the  distance  of  their  intereoction  from  the  my  wU)  be  the  railiisif 
curvatuiv;.  I.et  us  consider  two  pointa  on  the  amine  wave-front.  c« 
of  llieiii  a  foot  above  the  otlier;  then  the  upper  one  being  in  tuna  tit 
will  \m  advancing  faster  than  the  lower  one,  and  it  la  ooxily  abav* 
that  the  difference  of  their  velocities  is  to  the  velocity  of  aUhn-.w 
1  foot  is  to  tlie  radius  of  cur^'ature. 

Put  fi  for  tJie  radius  of  curvature  in  fovt,  v  and  v-|-  i  v  for  tli«  tn 
velocitieiit,  f  and  /i  — 2^  for  the  indices  of  refractJon  of  tha  air  altl* 
two  points.     Then  we  have 


i  =  V=V-""-»»- 
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Now  it  IiaH  been  ascertained,  by  direct  experimont.  that  tlw  nha 
of  ^  —  1  for  air,  within  ordinary  liniita  of  density,  is  seuubly  p^ 
portional  to  the  density  (even  when  the  temperature  varica).  tui  ■ 
-0002943  or  j^Vv  '^*'  tl>e  density  oorresponding  to  the  pruunirr  701^ 
(at  Paris)  and  temperature  0*C.  The  ditfercDCC  of  deiLMty  at  tbi  t» 
points  considered,  aujipo^ing  Uicm  both  to  be  at  Uie  sanui  u»{p«>' 
ture,  will  be  to  the  density  of  either  as  1  foot  is  t<i  tlui  "  hd|Wrf 
tlie  homogeneous  atmosphere"  in  feet,  whidt  call  H  (§  Stl).   1^ 

■~  will  be  g,  and  the  value  of  ■  in  (1)  may  be  written 


m 


Hence  p  is  S400  times  the  height  of  the  homogivMous  atHMifih** 
But  this  height  is  about  5  milea,  or  ^^  of  the  emrtha  ndA   tW 
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p  is  tli«refor«  ftbciul  4}  radii  of  the  eartlu  'fliia  is  on  tb« 
ona  that  the  baroniett^r  is  at  760"*,  tho  tltoriuoiuet«r  at  0*  C, 
and  tliat  there  b  no  chaQg«  of  temperature  id  ascending.  If  wo  dopaii 
from  tho«o  aseutupttoiu),  wo  havu  the  following  oonscquvnces: — 

L  If  the  barometer  is  at  any  other  height,  tlie  factor  r.  remainfl 

Mnaltcivd.  and  the  other  faetor  ft  — I  vimtn  directly  ah  the  pnrs«un\ 

II.  If  the  tet»|>eraturo  in  f  Centigrade,  H  la  cluin};nd  in  t)i»  dirrvt 
rmUo  of  !+•(,■  denoting  Uie  ooellioient  of  expansion.     'ITie  first 

factor  fj  n  therufora  cbuuged  in  the  InvenMi  ratio  of  I -fat.     Tbo 

aeoond  factor  ia  changed  in  the  aaine  ratio.    The  cun-aturo  of  tlus  ray 
therefore  varies  inversely  as  (1  +  « t)\ 

III.  SuppoM  the  t«nii>vrature  docrMMa  upwnnU  at  tlto  rale  of  ^ 

of  a  de{[r«e  Centigrade  \kt  foot   Tho  expansion  due  to  ^  of  a  dcgroo 
Ontigrndc  b  ^,^,.      The  liM  factor  ^^.  or  ^«";^J^^,  will 

tharatore  become  ,',  -  ^^,  whidi,  if  we  put  n  =  540  (corraapooding 
to  1*  Fabr.  in  300  feat),  and  reokoD  H  aa  24(.0O0,  is  approximately 
Tiiirto"  iii^'i)*    T***  •''■<'oo*^  factor  of  the  exproMion  for  - 


2ii2BS 


is  unajrc'ctcd.  It  appmrs,  then,  tltnt  dvcreaM  of  tcmitrrature  upwards 
at  the  rale  of  1*C.  in  540  feet,  or  1"  K.  in  300  feot(whic)i  ia  the  gene- 
rally-received average),  makes  the  cur>-ature  of  the  ray  five-sixths  of 
what  it  would  hu  if  tJm  temperature  were  uniform.' 

Combining  Uiih  cum'Ction  with  corrudioo  U.,  it  appears  that,  witli 
a  mean  t4?m[wraturu  of  10*  C  or  50°  F.,  and  bnMimeli.ir  at  7C0*",  thu 
curi-aturu  of  a  nearly  horizontal  ray  (taking  tlw  ciarth's  curvotore  aa 
unity)  is 

This  ia  in  perfect  agreement  with  obaervalion,  the  received  aTeraga 
(obtained  aa  an  empirical  deduction  from  observation)  b«tng  i  or  |. 
1037.  Onrratiire  of  Incliaed  Kaya. — Tluis  far  wo  have  boon  treating 

of  nearly  horixt>nUl  rays.    To  adapt  our  formula  for    { (2)  §  1080)  t^t 

tlio  case  of  an  obliquK  ray.  wo  have  nivroly  to  multiply  it  by  eca  (, 

■  If  Uu  ten|<onlun  ilMnMM  Hp-nrd*  at  Uw  rata  «(  1*  a  In  •  f«*t.  «r  t*  f.  In  M"  fart, 

()>*arM(>c(a*«(tba»tmuan  (or       l»hlcli  wouU  l**  Jl  »*  UaUor^  tMdyalBW)  lnBUlBW 


i 
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9  denoting  the  inclinatioD  oF  t]i«  ny  to  the  hori:KonUl,  or  tit*  isclina* 
tion  oC  the  wave-front  tu  the  vortical.  For,  if  wv  nliU  oompftn  two 
points  a.  foot  nput,  on  the  same  vrnvu-front,  and  in  the  same  vertioJ 
plaim  wiUi  each  otiier  and  with  the  ray,  tJi«ir  dilfereoce  of  ImgLl 

will  be  the  product  of  1  foot  by  oo6  6,  and  ~  will  thorefon  baJ 

than  boforo  in  the  ratio  ooe  6. 

Hence  tt  can  be  sliowti  that  the  eurtli'a  curvatare,  so  far  fnta 
bring  the  eause  of  terrestrial  rvftactioii,  mtliur  tends  in  ordinary  cir- 
cumstaiioea  to  diminish  it,  by  increasing  the  average  obliquity  of  « 
ray  joining  two  points  at  the  same  level 

The  general  formula  for  the  curvature  of  a  ray  (lying  in  a  nxtial 
plaae)  at  any  point  in  its  luogUt,  may  be  written 


m 


n  denoting  the  number  of  feet  of  ascent  whicli  give  a  dL-crvase  nf  TC 
and  n'  the  number  of  fcut  which  give  a  decrease  of  1*  F,  The  mil 
of  length  for  H  and  p  inay  be  anything  wv  please. 

1088.  Astronomical  Refraction. — Astronomical  refraction,  in  nfta* 
of  which  stars  appear  nearer  the  zenith  than  they  really  arc.  aot  U 
reduced  to  these  principles;  but  it  is  simpler,  in  the  case  of  irtaii  sol 
nior»  than  70'  or  80°  from  the  zenith,  to  regard  the  earth  ud  ik 
layers  of  equal  density  in  the  atntcsphen  as  plane,  and  to  tma 
(g  893)  that  the  final  result  is  the  same  as  if  the  rays  tnta  tbtl 
were  refracted  at  ouce  out  of  vacuum  into  tliv  horinrntal 
air  in  which  the  observer's  eye  is  utuated.  If  <  b«  the  appannit  Mti 
g+h  the  true  zenith  distance,  we  aliall  thtu  have 


whence 


11  (in  *  =  lin  (t  +  A) 


1089.  Mirage. — An  appearance,  aa  of  water,  ib  frequently  i 
sandy  doiurl^,  where  the  soil  is  highly  heated  by  the  hul 
obaerver  sees  in  the  dislaocv  tl>e  rcfiectioR  of  the  aky  and  o( 
trial  objects,  as  in  the  tiutface  of  a  calm  hike.     This 
which  is  called  mira^,  is  explained  by  tho  heating;  and  . 
rarefaction  of  the  air  in  contact  with  Uie  hot  aoiL     Tbt  dflri^. 


HIRAOS. 


Itoe 


n«  7n.-n»atT  at  lUngt. 


within  a  certain  distaoM  of  the  ground,  incnwww  upward)*,  and  mys 
IraTeninf;  thia  portion  of  tho  air  are  bent  tifinmrdii  (Fig.  77H).  in 
ncoordanco  witb  tlic  general  rulu  tlint  ihv  coiii-avity  inu&t  be  turned 
towards  tliu  denser  side  Ray8  which  were  deooending  at  a  very 
»l)ght  inclination  bcfnrtt  entering  tliin  Htmtuin  of  air  may  have  their 
direction  ao  much  changed  as  to  be  l)eat  up  to  ao  ol«prvt'r"»  «y«,  and 
the  change  of  direction  wit)  be  greatest  for  thoM  rays  which  have 

!de«c«nd«d  lowest;  (or  tliew  will  not  only  have  travelled  for  thu 
^rt»U'»t  distAQce  in  the  stratum,  but  will  alHO  haw  ttavutlud  thniU)>h 
tliat  part  of  it  in  which  the  chaitge  of  density  in  roovt  rapid,  iicitcv, 
if  we  tracv  a  pencil  of  rap  from  the  observer's  eye.  ws  Hhall  ilnd 
that  those  of  Uicm  which  lie  in  tlio  uauiu  vertical  piano  eroMi  eaeh 
other  in  travertujig  this  &traCum,  ami  Uiuh  produce  inverted  itnagea. 
If  the  stratum  i»  thin  in  oonipariMHi  with  tho  heigiit  of  tliu  obaorviir'v 
uyo,  the  appcarancd  pmentcd  will  l>v  iimrly  wjuivalimt  tu  tlut  pro- 
■luoed  by  a  mirror,  while  the  objvcu  tlnut  rctlectod  are  aUu  SMin  vrect 
liy  higher  raya  whtcli  have  uoi  desoindod  into  tho  Htruloiii  wht-ni  tbi» 
action  occurs. 

A  kind  of  inverted  mirage  in  ofUtn  mcd  ncnws  uutoMM  of  oaltu 
water,  and  u  called  looming;  images  of  distant  objvctn.  hucI)  iu>  shipa 
ur  liilb,  being  MMD  in  an  invcrli-d  pOHition  imnediatvly  ovi-r  the 

i object*  themwilves.  The  vxplnnatinn  jiuttgivoaof  the  mirage  of  tb« 
de«ort  will  apply  to  Uib  phenomenon  a]M>.  if  we  suppotw  at  a  certain 
height,  greater  tlian  that  of  thu  obMrrvor'it  vyo.  a  Uyi-r  of  rapid  trati- 
aition  from  colder  and  denwr  air  boluw  to  wanner  and  nivt  air 
sbov& 


wate  theory  or  Liairr 


An  Appearance  similur  to  rDirag«  majr  be  obtained  hy  genthr 
depositing  alcobol  ur  nietltylntod  itpirit  upoD  vrater  in  a  vessel  willi 
plat»-gU»  Mm,  The  spirit,  tJiough  lightur,  has  a  higher  index  of 
ruEniction  tliuii  the  wat«r,  and  ra>-s  ira venting  thu  laypr  of  tranntkB 
nrc  bent  upwartU.  Tliis  layer  accordingly  behavci  lika  a  mirrot 
when  looked  at  very  obliquely  by  an  eye  above  it,* 

1090.  Carved  Bays  of  Sound.— The  reasoning  o£  §§  10!^.  10S6  cu 
bo  appiiod,  with  a  slight  modifioition,  to  Uic  propa;;atioo  uf  MXtiuL 

Soutul  tmveU  FaRtcr  in  warm  tlinn  in  cold  air.  On  calm  niDXiy 
afternoons,  when  the  ground  has  become  highly  heated  by  tho  tna'f 
raya,  Uie  temperature  of  the  air  \a  much  higher  near  tEie  grotuu)  tl>M 
at  moderate  heights;  hcnco  sound  bends  upwanls.  aud  way  tliB 
bocomo  inaudible  to  oI>serv<:n  st  a  distance  by  passing  over  tfaair 
hvodd.  On  the  other  hand,  on  clear  calm  nights  Ihu  groand  is  coaltd 
by  radiation  to  the  sky,  and  the  layers  of  air  ni'ar  the  graaad  tn 
colder  than  tliose  above  them;  benceaound  bends  downwards,  tad 
may  thus,  by  arching  over  intorroniug  obstacles,  become  oudJUt  at 
di.-«Uiiit  point«,  which  it  could  not  reach  by  rt^'ctilinear  pnpR^Uln. 
This  influence  of  temperature,  whidi  was  first  pointnl  out  by  nv- 
fc^tor  Osltome  Reynolds,  ta  one  reason  why  aound  from  dialaat 
sources  ia  better  heard  by  night  than  by  day. 

A  similar  cflect  of  wind  bad  been  previously  poititt*]  out  by  Pn- 
fewoT  Stokus.  It  is  well  known  that  soond  is  better  hoard  withlbi 
wind  than  agaiittt  it.  This  diflerence  la  due  to  the  ctreomrtian 
that  wind  is  checked  by  friction  against  tb«  earth,  and  thcnion 
incretues  in  velocity  upwards.  Sound  tiavelling  with  tb«  wiut. 
th'-rt-foro,  imvvls  fastest  above,  and  sound  travelUitg  againat  iW 
wind  travels  fastest  below,  its  actual  velocity  being  in  the  focarr 
ease  the  sum,  and  in  the  lalt«r  Uie  diflcrenco.  of  ita  vdocity  fn  ibil 
air  and  the  velocity  of  the  wind.  The  wlodty  of  tho  wind  i>  ■> 
much  less  than  that  of  sound,  that  if  uniform  at  all  b«ighb  tia  isflu- 
viicu  on  audibility  would  scarcely  he  appreciable 

1091.  Oaloulation, — ^To  calculatv  tlm  cur>-ature  of  a  ray  of  aonal 
duo  to  variaticHi  of  temperature  with  height,  we  may  employ,  a*  ia 

^1086,  the  formula^  =  -'.whcretvdenotcsthftdifl^mamorvdneqr 

for  a  difference  of  1  foot  in  height  Tho  value  of  r  varieaaa  V(W«0- 
or  approximately  asl  +  ^at,t  denoting  tenipenturo,  and  «  tlw  e» 

'  A  mora  com|dot*  iliMiaMioa  of  Ui«  «fitlM  of  ^nf  will  W  bwod  la  !«■  pf^  ^ 
tlM  *£lOT  of  tlili  vork  in  t)w  PiOonitltical  JT^faiiM  tw  UiMh  and  A|all.  lOT,  mJ  h 
A'aturt  (or  Nov.  19  and  at,  1874, 
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.<4AeI«Dt  of  expnnsion.  which  u  ^^,  Ht-nce  if  the  velocity  at  0°  I« 
denoted  by  1.  the  value  at  C  wilt  bo  douotod  by  1  + 1  « ';  and  if  the 
temperature  varies  by  -  of  a  degree  per  foot,  the  value  of  ^  at  tem- 

[>erftiiirwi  near  leero  will  be  '^,  that  ia.  ^^,  aud  the  radius  of  curva- 

turu  will  be  546  n  feet  Tliis  calcululi<»n  nhoWB  Uiat  ttiu  bvuding  la 
mucli  more  coiuidcmblc  for  raj-s  of  sound  ilian  for  rays  of  llftht 

I09S.  Diftaetion  Pringei. — When  a  beam  of  direx-t  sunlijjht  lit 
admitted  into  a  dark  room  through  a  narrow  alit,  a  screen  placed  at 
any  distauco  to  receive  it  will  show  u  line  of  white  light,  bunlon.-d 
with  coloured  fringea  which  bocomv  wider  aa  the  slit  ia  narrowed. 
Tliuy  aUo  incrtoso  in  iridtli  ta  the  acrnnn  la  removed  further  otf.  If 
they  are  viewed  tlirough  a  piece  of  red  glaas  which  allows  only  red 
rays  to  pasa,  they  will  appear  as  a  suoooasicMi  of  bands  alternately 
bright  and  dark. 

To  explain  their  origin,  we  shall  suppose  the  strn's  rays  (which  may 
bft  reflected  from  an  external  mirror)  to  be  pi-r])cndicular  to  the  plane 
of  the  Htit.'  no  Uiat  the  wave- Fronts  are  jmmllel  to  this  plane,  and  we 
flhall,  in  the  (IrHtinittAncc.cunllne  our  attention  to  light  of  a  particular 
wave-length;  for  example,  that  of  the  light  tmnamitted  by  the  nrd 
glass.  Then,  if  the  slit  be  uniform  thri3ugh  its  whole  length,  the 
positions  of  tliu  bright  and  dark  band»  will  be  governed  by  the  fol- 
lowing lawn: — 

t.  The  darkoHl  {wrttt  will  be  at  points  whi»e  dlttanrtvi  from  the 
two  edges  of  tliti  slit  dilTi^r  by  an  exact  number  of  wave-K'ngtho,  If 
the  dttri-ronce  be  one  wave-length,  tlie  light  which  arrives  at  any 
ioaCoilt  from  dilTi'retit  i>nrt«  of  tlie  width  of  thn  nlit  is  in  all  poaaibla 
pluuM,  ntid  tlio  rcjiulijuit  <>f  tlio  whole  in  uto.  In  fact,  the  disturb- 
nnce  produced  by  tlie  n<-ar(!r  half  of  thv  slit  canceln  that  pnxluood 
by  the  remoter  half.  If  the  ditfervnei-  1>e  n  wavu-Ieiij^is.  we  can 
divide  the  slit  into  n  parts,  such  that  tlio  effect  duo  to  each  port  U 
thus  nil. 

S.  The  hri<;liU'-st  [uiri^  will  \k  at  {KiintA  whoae  diataoces  fnun  the 
two  edgce  of  the  alit  ditt'er  by  an  exact  number  of  wave>longthii  jilua 

>  nM  b.  I«  IW  phM  of  tba  two  kaUMdga  bf  •hbh  AmMt  b  bMBilMt  Thfa  enadl. 
Hon  OM  taij  U  Mrlatly  fnUlIM  f«r  •  tb^  point  on  Uia  ■ua'*  <lbn.  Ktvtf  polM  m  Dm 
>iin'tnirfM*Bnid*nM  Ito own  wavM M an  IwJ>|iwmIiI  wuiavut  ■» J «««••  tMB MM  poln* 
ewinnt  laurinra  wiUi  v*«m  ((im  *a>tb<f.  In  tiM  npadaxnt  m  il—cWtwl  Id  Ihs  ttnrt 
Iba  (rlnuH  iliM  to  dtfamii  )Mrt«  (4  tha  win't  ourfie*  ar*  lil  jirnjonsd  u  nno*  ««i  Ika 
■oreaik.  wul  (ii>«Up  awh  otb>r. 
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a  Iiolf.  Ijct  tiie  difTorence  be  n  +  J;  Uwn  w«  can  d[vid«  Um  alit  idUi 
n  inefficient  parts  aii<I  on«  efficient  port,  thi«  latter  having  onlj-  )i^ 
the  widtb  of  one  of  the  others.' 

Each  colour  of  light  has  its  own  alternate  bands  of  brighUtsM 
darkness,  the  distance  frain  Ixuid  bo  liand  being  grcAtest  for  red 
least  for  viulot     Th«  GupcrpwititHi  of  all  the  bands  oonstttoUs  tbr 
coloured  fringes  whidi  are  isffii. 

This  cxporitnont  furniHlii^t  the  simplest  answer  to  the  olgoctian 
formerly  raised  to  Uie  undu|jit4>ry  tbuory,  tliat  light  is  not  aUt,  Ukt 
sound,  to  pans  round  an  oUitiicIu,  but  caii  unly  travel  in  etnught  \it>i%. 
In  this  ^xptTiment  li^ht  dots-i  {la^t  round  an  obstacle,  and  tunu  man 
and  nioi%  away  from  a  strught  line  as  the  alit  in  narrowed. 

When  the  dit  is  not  exceedingly  narrow,  thi-  lif;1it  mnt  lu  nitlii 
directions  is  quite  insensible  in  comparison  witlt  tho  din>et  lighL 
no  fringes  are  visible.     "  We  have  reason  to  think  tliat  when  mmai 
posses  through  a  very  large  aperture,  or  when  it  is  reflected  fron  ■ 
large  surface  (which  amounts  ueurly  to  th<<  same  tiling),  it  ia  banOy 
eensibleexccpl  in  front  of  thcopeniiig,or  in  th»directiono(  reOectioB.'* 

There  are  &ev<.-ral  other  modus  of  produdii;/  diffraction  frin^ 
which  our  limits  do  not  ])erniit  us  to  notice.  We  proceed  to  deMriW 
tlie  mode  of  obt^ning  a  pure  a}xctmm  by  diffraction. 

1093.  Difi^tton  by  a  Orating. — If  a  piece  uf  glaia  is  mW  wiilt 
parallel  equidistant  ecratchee  (by  means  of  a  dividing  engina  ul 
diamond  ]>oint)  at  the  rate  of  some  hundreds  or  thousand*  to  the  isd^ 
wo  shall  find,  on  looking  through  it  at  a  slit  or  other  bright  Unr  (Ita 
gLasit  being  held  so  that  tlie  scrmtehes  are  parallel  to  the  siit>,  ihsla 
number  of  spectra  are  presented  to  view,  rangod  a(  nearly  vfti 
distances,  on  both  sides  of  tlie  sUl.  If  the  exporiment  is  nuuk-  vai» 
favourable  circumstances,  the  sjwctra  will  be  so  pure  as  to  thaws 
QuinU'r  uf  Fraunhofor's  lines. 

Instead  of  viewing  the  spectra  with  the  nakMl  eye.  wo  may  »iUi 
advantage  employ  a  telosoopo,  focuiracd  on  the  plane  of  the  slit,  « 
we  may  project  the  spectra  on  a  screen,  by  Snt  pl^Hng  a  ODa*<t 

'  Euh  nlamant  ol  th«  length  oj  the  Ult  hnd*  la  iwi>J»ce  •  iTiiwa  of  ttmW  i<>(i  !<■ 
MMon  beIiviuii|M*ed  )*rkUal  totha  plutef  UwtBl^  II  tlia  wullli  af  tk>  lUt  m  ^aa% 
tb«M  lyttonu  wUI  Iw  pneiMly  kUke,  and  wlU  h>t«  for  tliclr  ri*«1laut  •  ■}«*■»  li  iMt^ 
bwidi,  pAnllcl  to  thv  «Iit  Mid  Icnic&iiig  Um  ruigi.  TbiM  u«  tlut  imaim  ^^ribrf  b  A* 
l«it,  Hracu.  to  UettmiliM  tbt  illuaiiiftUua  ot  %iij  poiat  «l  tlia  mmm.  It  b  «bIj  i 
tu  kttsiiii,  u  in  the  text,  to  tbc  owrart  pobtti  gl  Um  two  tdgm  tt  Ifc*  ■kb 

*  Airy,  Uitd^lery  Tkatry.    Art.  S& 


^ 


mmm 


DIWBAmOS. 


Ills 


80  an  to  form  an  ima^  of  the  alit  (which  must  be  very  atronuly 

Uukinatcd)  on  tho  ticrcua.  and  tlien  inUirposiog  ttio  ruled  glass  in 
tb«  patb  of  tlto  boftm. 

A  piece  of  glaH  thua  rulo<l  H  called  a  ifratin//}  A  grating  for 
tlitlraetioQ  experimenta  oonsista  eascntially  of  a  number  of  parallol 
otripn  alternately  transparent  and  ojiatjua 

Ttiv  iltstanct  belwoen  tho  "tixed  lines"  of  tlie  spedia,  and  the 
distance  from  on«  apectnini  to  tlic  next,  an  fouD<l  to  d«{>cn<]  on  tlie 
dktooce  of  tlie  stcipa  mMuunxl  from  centre  to  contra,  in  utltrr  worda, 
on  the  number  of  scratches  to  Lh»  inch,  but  not  at  all  un  tiio  relative 
breadtlis  of  the  traosjiarent  and  opa<|UQ 
strips.  This  latter  circumKtance  only 
ftdbctii  the  brigbtDOsa  of  the  spectra. 

Ditrniciian  spectra  are  of  great  practi- 
cal im|Hirtanoe — 

1.  Afi  furnishing  a  uniform  standard  of 
retcrenoe  in  the  comparison  of  spectra. 

£.    As   affording    the   most   accurate 
tofltbod  of  det4;rniiniitg  tlio  wave-lengths 
.of    the    different    elemontury    ravs   of 
ight 

1094.  Principle  of  DiflVaction  Sprntram. 
—Let  OG  (Fif;.  77*)  U;  a  k^Titink'-  "^ 
ceiving  light  from  an  intlnitvly*  •iixtant 
jtoiat  lying  In  a  dinctJoa  perjtcnlieular 
tu  the  piano  uf  the  grating,  ao  that  the 
w'avi_-frouts  of  the  incident  light  are 
fiaralli'l  to  this  plane.  Lot  a  convex 
lens  L  l>o  placed  on  tlie  other  side  of  lit* 
gmting.  and  let  its  axis  make  an  acute 
ongUs  0  with  the  rays  incident  on  the 
gratint;.  llicn  the  light  collected  at 
itji  principal  foctts  F  consists  of  all  the 
light  incident  ujiou  the  lonn  parallel  to 
Let  a  denote   tho   diatono- 


nf.nt. 


'Bapa*id  glaM  (mttag*  irf  —ttcMwl  rif  to  ■yumswpt*  pmpww  (lay  an  tach  «<|—i») 

«iU«b*]t  vipmdf*  tai  dHBenh  to  pkmwk    Vmi  BayWgfc  Im*  Muds  bsmiim 

I  wptw  at  OMh  gnUlle^  Mill  tb*  eoplw  HI'**'  **  ^  •>i«>ll;  •OmUvi  wtlfc 

'  It  k  not  III  I— J  ihM  U>  MiilriM  4ba«ld  \m  \ntalliitf  iStUM.  (ar  tin  iMtibal  i^i* 
l*ra]ld|i  bat  IhU  b  lbs  tfanplart  0M%  andtlMMtM  ummI  mm  In  pcMlloa 
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between  the  rulings,  roeasurt-d  froin  centre  to  oenire.  to  Uiftt  if,  for 

example,  Hwrv  are  1000  liiiivf  to  thv  inch,  «  will  bo  yi^  <^  ^  '°'^' 

and  suppose  fintt  that  «  itin  9  is  exactly  equal  to  the  wave-length  X«l 

one  of  the  elementary  kinds  of  light.     Then,  of  all  the  light  whkfc 

falls  upon  the  lens  paralKO  to  ita  nxis,  tho  left-hand  portion  tn  tkt 

ligurc  is  most  rutftnlvd  (havinj;  travcUex)  farthest),  and  the  right-haaJ 

]wrUon  least,  the  retardaUon,  in  compearing  eacli  tnuupanut  tatcntl 

with  the  next,  heing  constant,  and  equal  to  a  sin  d,  as  is  cndant  frca 

an  inspection  of  the  figure.  Now,  for  the  pai-ticular  kind  of  li^kt  fa 

which  X  =  s  eiii  0,  thiH  nebirdation  is  exactly  a  wavo-lcogtb,  and  aB 

the  transparent  int«rvals  sviid  lt<^ht  of  tliu  snnio  plioaa  to  the  ftx»  f: 

90  tliat,  if  tlicre  ore  1000  such  inten'als,  the  resultant  amplitwli 

of  vihmtion  at  F  is  1000  times  the  amplitudo  due  to  oitc  intrml 

aloneu    For  light  of  any  other  wave-length  this  coinddi-jice  of  piaa* 

will  not  exist.    For  example,  if  the  difference  between  K  and  4imt 

IB  lAifl  K  the  differenco  of  phasi-  between  thv  lights  ivc«ivi^l  fitn 

tlio  Istnnd  id  intervals  will  bo  i^^^X,  between  tho  1st  and  adr^l^ 

betwocn  tlic  1st  and  50l8t  -^^  X,  or  Juat  holt  a  waTV-lctngtb,  wj 

m  on.     The  1st  and  dOlst  ui-c  thus  in  cuuiplote  disoordaoa,  ■*  an 

aUo  the  id  and  503d.  ice    Light  of  every  wave-length  exeepi  < 

is  thus  almost  completely  destroyed  by  interferenoe,  and  tba 

collected  at  F  consists  almost  entirely  of  the  particular  kind  < 

by  the  cundition 

X  =  I  nn  <.  (1) 

The  purity  of  the  diflFraction  spectram  is  thus  explained. 

If  a  screen  be  hold  at  F,  with  its  planu  pcrpi-ndtctilnr  to  th«  ; 
cipal  axis,  any  point  on  this  scrwn  a  tittln  ttt  one  M-ic  of  F 
riweivu  light  of  another  definite  wave-leagtb,  oorroitpouding  to  ■»■ 
other  direction  of  inctdmne  on  tlie  lens,  and  a  pure  aptfctnin  will 
thus  be  depicti^d  on  the  screen. 

1095.  Practical  Applieatioo.  —  In  the  armnguinent  actoallT  tm- 
ployed  fur  accurate  observation,  the  Ions  L  L  i»  thf^  objoct-fflaM  i'  a 
tel«8copo  with  a  cross  of  spider-lines  at  itw  principal  forua  V.  Tb* 
telescope  is  first  pointed  directly  towards  tlin  auunw  uf  Ugitt.  and  » 
Ihcji  turned  to  one  aide  tltrough  a  nieastire>l  nn;,'lf>  9.  Any  fixed  1 
of  the  spoctrum  can  thus  be  brought  into  apjmreiil  coinddeoo! 
tho  cross  of  spider^lines,  and  its  wave-length  can  be  ooinptttid  bf 
the  formula  (1). 

Tiic  spectrum  to  wliich  Formula  (1)  nilati.w  i»  call«d  th*  i 
of  Ute  first  order. 
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!iere  ts  atso  •  npt'ctruni  of  Uie  socood  onlcr,  oonmpoDding  to 
values  of  »  neariy  twic«  an  gi-oai,  and  for  whidi  Uie  equation  is 

For  Uio  spectrum  of  the  third  order,  the  cquatioD  a 

IXstdn*;  (S) 

and  so  on,  the  explanation  of  tlivir  fonnatioo  being  almoat  prcdaolj 
the  same  aa  that  above  gi%'en.  There  are  two  sjxtctra  of  each  order, 
one  U)  the  risht.  aod  the  other  at  the  same  distance  to  the  left  of 
the  dirvctiuD  of  the  »uurca  In  Angstrom's  obeervatiooa/  nhich  aru 
the  bmt  yet  taken,  all  tlie  apectis,  up  to  the  sixth  iDcluKivo,  were 
otMerved,  and  numerous  independent  <lvt«rn)i  nations  of  wave-length 
Were  tlius  obtained  for  aeveral  hundred  of  tlie  dark  lines  of  the  suiar 
spectrum. 

Hie  source  of  light  was  the  infinitely  distant  imago  of  an  illuini- 
oati-d  slit,  the  slit  bi'iiii,'  ptacvd  at  tlio  principal  focus  of  a  cvllimatar. 
and  illuminat^rd  by  n  Ix'ain  of  the  sun'it  rayn  reflected  from  a  mirror, 

I'he  purity  of  a  ditfraction  spectrum  increatMs  with  the  numlicr  of 
lines  on  the  grating  wliich  come  into  play,  pru\'td(Hl  tliat  they  are 
exactly  ciuidistnnt;  and  may  tJierefora  be  IncriAiwd  eiUier  by  In- 
cnwing  the  sixeot  the  grating. or  by  ruling  itt  lines  doner  together. 
The  gratinxH  employed  by  Angstrom  were  about  }  of  an  inch  atjuarr, 
th«  doMMt  ruled  having  about  4.'>ti0  lines,  aitd  tlie  wide«t  IMK). 

Aa  regards  brightness,  <litrraction  spectre  are  far  inferior  to  those 
obtained  by  prisms.  To  give  &  miLXinuim  of  light,  the  opotjuc  inter- 
vals should  be  perfuctly  ojioque.  and  the  tran^Hparent  intcrvaLt  psi^ 
fectly  transparent;  but  even  under  the  most  favourable  eonditiuns, 
the  whole  light  of  any  one  of  tlio  spectra  oaniiot  excr^nl  nl>out  iV 
of  the  light  which  would  be  received  by  directing  the  tclesoofw  to 
tb«  slit.  Tile  greatest  attainable  intrinsic  briglitocss  in  any  jaut  of 
a  ditfraction  spectrum  is  thus  not  more  tluut  i^  of  Utv  uitrinsie 
hri^'hinvss  in  tlie  same  pnrt  of  a  priNinattc  spectrum,  obtained  nith 
the  name  slit,  collimator,  anri  observing  teIe9oo|ii).  ami  with  the  mme 
angular  separation  of  fixed  lines.  The  brightucw  of  the  Hpectra  [>arlly 
depends  upon  the  ratio  of  tJie  lovadths  of  the  trans()arrnl  and 
opaque  intervals.  In  the  can  of  tita  spectra  of  tlie  find  order,  the 
boat  ratio  i«  tliat  of  ciiunlity,  and  equal  dcparturm  from  (nguality  in 
oppoaiUi  diriM-tioiiH  give  idi'tiUml  rrnults;  for  I'xainjiln,  if  tlie  hrciultli 
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of  the  tmnsparent  intervAU  \n  to  the  breadth  of  the  opaqov  rit 
ait  1 : 5  or  an  5 : 1,  it  can  be  ithown  thttt  the  iiuuiUty  of  liglit  to 
tirst  spectrum  is  just  a  quart«r  of  what  it  wotild  be  with  the ! 
equal. 

Whoa  a  diflraction  epectrum  is  seen  with  the  naked  rye.  th« 
cornea  iin<l  cr>-st&]liiic  of  the  eye  tako  tbo  pluco  of  the  lens  L  L,  ud 
form  a  rval  image  on  the  retina  at  F. 

1096.  RetardatioB  Qratiaes. — If,  inittAad  of  fnipposin^*  thel«nof 
the  grating  to  bo  ojtaque,  we  siipi>08e  thein  to  be  tnuiB|>an:Dtv  hal  la 
produce  a  dofitiito  change  of  pha^e  either  by  aoceleratiun  or  rrunla- 
tion.  iho  sptictra  produced  will  be  the  eaiue  as  in  the  c»m  linn 
di.-scu«uud,  except  u  regards  bnghtjitt<s.  W'c  may  regard  the  efled 
as  consisting  of  the  superposition  of  two  eicactly  coincideat  stit«  if 
apcctm,  one  due,  to  (he  spaces  and  the  other  to  the  bars.  Any  cm 
of  the  resultant  spectra  may  be  either  brighter  or  leas  bright  than 
either  of  its  components,  according  to  the  difference  of  phase  between 
them.  If  the  bars  and  spaces  arc  oqually  tnnsparent*  the  two  nptr- 
impuscd  spectra  will  be  i:qually  bright,  and  their  resaltant  at  injr 
part  limy  liavc  any  brightncs.s  intermediate  between  nro  aad  four 
tiiiK-n  tJ)at  of  cJtbi-r  oomiionent. 

1097.  Rellection  OratinKS. — Diffraction  Rpcctnoon  also  be  obtaiwd 
by  reflection  from  a  surface  of  speculum  metal  tincly  ruled  will 
parallel  and  equidistant  scratches.  The  appearance  presented  b  tbt 
aaiiic  as  if  thu  geometrical  iutage  of  the  slit  (with  reapeei 
grating  regarded  as  a  plane  ntirtx)r)  wore  viewed  through  the , 
reg&nled  a.f  transparent 

1098-  Standard  Spectrnm. — ^The  simplicity  of  the  law  coi 
wave-length  with  position,  in  the  spectra  obtained  by  dlObctMft 
offers  a  remarkable  contrast  to  the  "irrationality"  of  tlie  dt^MflM 
produced  by  prisms.  Diffroctaon  spectra  may  thus  be  fairly  twcuiM 
a.1  natural  8tan<lar(Is  of  comparison;  and,  in  particular,  tba  Uanti^ 
form  (if  we  may  sn  call  it)  to  which  t]ie  diffraction  upvcua  tmi 
OS  sin  0  becomes  smali  enough  to  be  identified  with  B,  to  that  ditia- 
tion  becomes  simply  proportional  to  wave-length,  la  gnoaaOy  lal 
dntervcdly  accepted  by  spcctixi«capUt«  as  the  abtoluU  Amdof^V 
rt/tnnix.  This  limiting  form  is  often  briefly  dmignated  m  *^ 
diffi-action  spectrum;"  it  differs   in   fact   to  a  tcarcely  appncaiMt 

itent  from  the  fSntt,  or  even  the  second  and  third  spectra  foniiibnl 

.  ordinary  caaes  by  a  grating. 

Tlie  difiiraction  spectrum  diH'eni  notably  from  prismatie  spcetn  a 
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the  much  greater  rnUtive  extension  of  Uie  red  end.  Owing  to  thin 
drctitniitanco,  the  brightest  part  of  the  diflractiou  spectrum  of  soIaf 
light  ia  nearly  in  ita  centre. 

Tho  first  three  columns  of  numbers  in  tlio  subjoined  tabic  indicate 
iho  approximate  di«t*nce«  between  tho  fix«d  lines  B,  D,  E.F,  0  in 
certain  prismatic  spectra,  and  in  iJie  standard  dilTractiou  B[>ectruui. 
the  distance  from  U  to  U  being  in  eadi  caae  taken  as  1000: — 


BlaD,     .    . 

dior;   .  . 

ItoP.     .    . 
FtoO,     .    . 

BMUphMtttf 

Cultsa, 
Ancle  at  W*. 

MltnaUan.  «r     ,.,- , 

MO 
914 

in 

IN 

IM 

110 

391 

MS 

tm 

m      1 
«n 

184 

Me 

1000        1       lOOO 

lOOO                1«00 

In  the  fltan<hud  dlfTmction  iipcctnim.  deviation  U  simply  pro]>or- 
tional  to  w&ve-Iength,  and  therefore  tha  <liataiict:  betwei^  two  coloura 
repmscntd  the  difference  of  their  wave-lengths.  It  haa  been  sug- 
gested that  a  more  convenient  roforence-spcctmm  would  be  con- 
structed by  assigning  to  each  colour  a  deviation  proportional  to  itn 
wav«-frequeDi7  (or  to  tho  reciprocal  of  itA  wave-longth),  so  tlutt  the 
distanee  between  two  cnloum  will  represent  tho  diflcreiice  hetweea 
their  wave<freqnencicN.  The  rtwtdt  of  thim  diKpoaing  the  fixed  tinea 
is  aliown  in  the  last  eolimin  of  tho  above  table.  It  dilTers  fnwi  prift- 
matJc  spectra  in  the  same  direction,  but  to  a  much  loss  extent  than 
the  difTimctioD  spectrum. 

It  has  been  suggcstoil  by  Mr.  Stonoy  as  oxtromely  probable,  that 
the  brii^lit  lintu  of  »i><'etra  are  in  many  coses  harmonics  of  Home  one 
fundamental  vihmttoiL  Three  of  tlie  four  bright  lines  of  hydrogen 
have  wave-fr«()aenciea  exactly  proportional  to  the  numbers  20, 27,  and 
.12;  and  in  tho  spectrum  of  chloro-chromic  acid  all  the  linis  whose 
positions  have  been  obevr%'ed  (31  in  number)  have  wave-frequendee 
which  arc  multiples  of  one  oomnion  fundamental. 

1099.  Wave-lengths.— Wavo-lengthii  of  tight  are  commoaly  stateil 
in  ternui  of  a  unit  of  which  10"*  make  a  metre, — hence  called  the 
tmtA-metre.  Tho  following  are  the  wave-lengths  of  some  of  the 
principal  "fixed  lines"  as  determined  by  Angstrom:' — 

'  Th*  vftvc.tmgllK  <i(  Uia  (]M«tnl  IltiH  o(  all  cinnMnUr;  nifcMMMM  mfU  b*  fonsd  Im 
l>r.  Vr.  M.  WkU>'  /<iiu  «/  Sfittnn  and  Out  vt,ro4mg^  ml  wtr-ttwfptutlm  itt  Uw 
<lwk  llMi In Uw kJu (fMlniBt,  vllh Ifca Mma cf  Iki  MbMuionu  wbWi  Bur a4  thai 
•n  dM^  win  b«  (Mttd  b  Um  BniU  Awri^tw  A|pM  br  ISTI  IDuUlal,  ff.  tO-01. 
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WAVE-UDtOTBB  nt  tRXTS-IUTSn. 
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Tho  velocity  of  light  is  30O  milUon  metraperaeeoiu),  or  300x10" 
tenth -metres  per  second.  The  number  of  waves  per  B«oon<l  for  »^ 
colour  \»  tlicrcFori:  SOO  X  10'"  <livid<Ml  liy  its  wave-lcngUt  aa  abort 
expruased.     Hence  we  tind  approximately: — 

For  A SS$  HiilUoM  vl  ■iOiem*  pa  (Bconil 

n    b QIO        . 

-   H J0>        „ 

nOO.  Colours  of  Tbln  FEIms.  Kewton's  Kings. — If  two  pictw^ 
r^Ian-s  witli  Uieir  tiurfaces  clean,  am  Lrutii^lit  into  cIobo  oiintac(.eolottnd 
fringes  are  seen  BUirounding  the  point  where  the  contact  b  dOMtl 
Theyara  best  seen  when  li^tlit  is  oMitiutly  reflected  to  the  eye  fnntb* 
sorfocea  of  the  ghus,  ainJ  frinjjcs  vi  Lho  complemontaiy  coloan  wvf 
be  Hcun  by  tnuwinitted  lighL  A  drop  of  oil  placed  on  Uic  sutfamiT 
clean  water  apreatU  out  into  a  thin  film,  whicli  exliiliJta  lin^ 
fringes  of  colour;  and  in  general,  a  very  tliiu  film  uf  any  tnuujiarat 
substance,  separating  media  wbcse  indices  of  refraction  ant  ditr«vai 
from  its  own,  exbibiLt  colour,  especially  when  ^Hcwed  by  obUqotljr 
a-Ui-'Cted  light  In  tlie  tintt  experiment  above nii-Dtioncd,  th«  ikis 
lilm  in  on  air-film  separating  the  piecea  of  glass.  In  soa|fbabUM€r 
films  of  soapy  water  stretched  on  rings,  a  aimilar  ttfTect  im  fniaed 
by  a  small  thickness  of  water  separating  two  portions  of  air. 

The  colours,  in  all  tJiese  cases,  when  seen  by  reflect«d  \isbl,  ■» 
produced  by  Uio  mutual  interference  of  the  light  reflected  from  lk« 
two  surfaces  of  Hio  thin  film.  An  incident  ray  uniWgOoi,  m  «<• 
plained  in  §  992,  a  series  of  reflectiom  and  rofrociions;  aod  wi  vaj 
Uiu»  distin^uiah,  for  light  of  any  given  refrangibility,  Mtvenl  apimt 
of  waves,  all  of  whicl]  originally  came  from  the  same  aouroa  Ha* 
systems  give  by  their  interference  a  series  of  altcroatdr  Wi^t  ui 
dark  fringim;  and  when  ordinaiy  white  light  is  einplnyed.  tbe  trofm 
are  broadest  for  the  ooloum  of  gnAtest  wava-ltmgth.  Their  aqv- 
position  thus  produces  the  otxwrved  colours.  Tbe  oolotm  MiB  tf 
transmitted  light  may  be  similarly  explained. 

The  first  caroful  observations  of  these  coloured  frinp-s  went  aad* 
by  Newton,  and  they  are  genemlly  known  as  A'lrtL-Um'B  rim^ 
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llOOA.  Conotre  Qratiogs.— (Jn-at  progren  has  been  mmAn  tn 
recent  years  in  the  inaiiiifacture  of  rcfl«cUon  gnitingB  ruled  on 
spoculum  uii-t&l.  Mr,  KuUicrfurd  of  New  York  liiu  [>ruduoo<l 
Mv«rsl  Hpvciincns  (containing  thirty  tliotisand  lines  iu  •  »\»t»  of 
about  on  inch  and  three  qiinrt«ni),  whidi  givo  bott«r  raiolU  than 
Imvu  «vor  Itccn  ohtniniid  by  miuuM  of  prams.  Prof«««or  RowlaD<l 
of  Baltimore  has  iiuprored  upon  theM),  and  constructed  gratings 
with  lIHt.OOO  Un«M  iu  a  space  of  about  six  inehcai 

Professor  Rowland  hits  also  introduced  the  novelty  of  ruling 
gratjn^  on  concavo  spherical  surfaces,  all  prvvioun  gratJn^  liaving 
bwn  nilod  on  plane  Nurfncnu  He  is  Uiiw  enabled  to  rlUiM-nse  both 
with  a  oolliniating  len.-<  and  with  tito  object^laSB  of  thiT  obtierving 
telescope.  As  this  invention  prominee  to  bo  vury  important,  wc  sliall 
explain  it  at  borm.-  length. 

The  rulu  which  determines  tlie  kind  of  li((ht  tluit  will  \m  thrown 

in  a  gtVfU  din-ction  by  ai>y  part 
of  a  relleciton  gratJnij  in.  that 
the  total  lengtli  of  patli  fnitn 
the  slit  to  a  point  lying  in  this 
direction  dillera  liy  on«  wave- 
length or  an  exact  number  of 
waTO*ltngtlM  of  this  |iarticulnr 
light,  an  we  pilM  from  on"  bar 
to  tlie  next.  If  the  alit  \m  at  the 
Bltue  distance  from  all  tln!  Imni. 
tbf  diffiTi^ncH  of  [>ath  will  he  On* 
ditr<Tt;iii-"  c)f  lliti  tw<i  rt-ilectM] 
rays,  and  will  \m  the  pmjection 
of  the  distance  betwoen  the  bus 
on  one  of  Uw««  rays;  m  that,  as  in  $  lOUi,  ws  shall  have  a  sin  0  equal 
to  A  or  a  multiple  of  k.  9  now  denoting  the  angle  of  roHection. 

In  Fig.  77*A,  <>  is  tlie  wnlre  of  tlie  splipn-  of  which  the  gnitinu 
forms  part.  A  tlie  middle  jwlnt  of  the  grating,  BAC  a  occUon  of 
the  giatinj;  perpemlicular  to  tJie  ruliogSL 

First  Irt  the  nlit  Iw  at  O.  For  the  it|H-<-tra  of  tlie  BrsI  order  the 
angle  of  reflection  9  for  a  given  kind  of  light  is  dtttcHnincd  by  tba 
Mjuatioa 

atkd  if.  roond  O  as  centre,  we  dmcribe  a  circle  of  radius  O  A  idn  o. 
thia  circle  will  be  toocliwl  by  all  Uio  r«Secivd  raya.     An  are  bao 
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of  this  circle  containing  the  aame  iiuiuImt  of  (iegrc«8  sa  ihfi  | 
BAG  will  be  tlie  caustic  I'he  narrowettl  pai't  of  tht*  &he&f  of  i 
will  be  at  <t  the  middle  point  of  this  arc,  bein^  the  poitit  where  it  ■ 
touched  by  till!  ray  A  a  from  tho  middle  point  of  the  gmting,  Sinn 
Uu  if  joiti»^l  ia  ivt  ri(;ht  nii-^lus  to  Aa,  tlic  point  u  lies  on  the  ciicle 
deiicribecl  on  O  A  «»  diiunctLT^thu  duttod  circle  in  thi^  fi^rc  For 
the  »pectra  of  tho  second  order,  0  Ls  dctcniuDcd  by  tli«  iniuatMB 

and  tho  caustic  will  be  the  circular  arc  b'a'tf  descnhed  about  0  u 
centre  with  a  radius  double  of  the  mdtus  of  bae,  the  constnictioa 
being  in  other  revpectet  th«  mxat;  and  similar  reaaoniog  a{>plie*  to 
the  !*iwctra  of  higher  ordera. 

All  the  catuiics  of  every  order  and  for  every  valw;  of  X  will  Ikiii 
have  their  brightetit  pointa  on  the  circle  described  on  O  A  no  iininiiirr 

If  the  slit  be  at  a,  the  reflected  raya  of  the  tirst  order  will  fam 
«me  caustic  at  O  and  another  at  a;  for  the  rays  incident  from  a  m 
consecutivo  bani  of  thv  grating  at  A  will  have  a  conuuou  diffrnoci 
of  \,  and  the  di-stancM  of  theaa  bats  from  a'  Itavu  a  oonunuD  liilltr- 
encc  of  S  X 

Neglecting  tlte  brtadtli  o(  tlie  rellected  beam  at  ita  narni«t«t 
part,  we  may  regard  a  and  a'  as  foci  conj  agate  to  O,  and  may  ngoi 
tile  dotted  circle  as  the  locus  of  a  point  from  which  rayit  to  all  parte 
of  the  arc  B  A  C  have  tlie  same  angle  of  incidence;  whence  it  foflow 
tliat,  if  the  slit  be  anywhere  on  tJii.t  circle,  all  the  epectrm  will  fern 
tliiniiiielves  along  the  drde.  Hence  the  grating,  the  slit,  and  (k 
Dcrccii  for  receiving  the  spectra,  or  the  eye-piece  for  viewiag  ihm, 
may  be  fixed  at  the  ends  of  three  equal  arma  all  pivoted  al  tb 
centre)  of  tliia  circle. 

A  pencil  uf  rays  from  uaiogU)  |>oiat  at  O  will  Dotmaei  *aaMivl> 
Itviiit  at  a,  even  if  we  regard  the  breadth  of  the  beaai  at  d  f 
negligible,  but  in  a  focal  line  perpeodicular  to  tho  plant  of  I)m 
diagram,  and  tbey  will  meet  again  in  a  second  focal  line  #/  iftllii 
plane  of  the  diagram.  The  lines  of  Uto  spectnim  dun  to  a  kUiatiX 
pcr^>eridicular  to  the  plane  of  the  di»gran>,  will  Iherefuro  bv  fora**! 
at  14.  wliilo  Uio  truuvente  iinc't  due  to  iJorticlea  uf  dmii  tn  tiw  *U 
will  lie  foeusscd  at «/.  .Similar  renuu'ks  apply  to  the  spectra  ti  Ik* 
second  and  higher  ordcni.  Hence  the  spectra  aa  actually  iilaw  int 
wiUi  a  concave  grating  have  the  advantage  of  twC  aliowiiig  dMt  li^ 
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1101.  Polarisation. — \Vh«n  a  piece  of  thoHctni-trmtuparont  minimi 

^sailed  tourmaline  ia  cut  into  Mcea  by  MCtiottft  imrnlld  to  ib*  axin.  it  in 

ltd  tttnt  two  of  tboM  idiciu,  if  laid  one  upon  the  otlier  in  a  particuliu* 

'^nlative  poMtJon,  as  A,  B  (F'tg.TJa),  form  nn  opaqu«  oonihinatioa. 

Let  oae  of  th«in,  in  fact,  bo  turm><l  rotittd  tipon  tin;  nthi-r  tliroogb 

variiiui  angles  (Fi^.  77S).     UwiU  bo  foood  that  tlio  oouiliiii&tion  ia 

moat  tnuuparent  in  two  piMi- 

Uona  difltiring  hy  lHO%one  of 

them  ab  being  the  itatiinvl 

poaitioD  whicb  they  originally 

occupied  ia  tbe  oiyslal;  ami 

that  it  ts'moet  opaque  iu  the 

two  {MMitionH  at  right  angli<H 

to  tht^M.     It  \»  not  iiiiiiiwiiiji  that  tlto  nliceei  nboald  be  out  froni  the 

dune  ci^atal.     Any  two  plst«e  of  touniialiae  with  tlicir  faces  parallel 

to  the  axia  of  the  crystalfl  from  whioh  they  wi>n<  cut.  will  exhibit 

Um  Mtnti  phenomeooa.    Tba  oxperitnent  HhowH  tltnt  light  which  haa 

pamxl  through  one  mich  )>lato  ia  in  a  [x-culiar  atid  w>  to  Bfe«k  unaym- 

netriral  comlitinn.     It  bt  naid  to  W  plaru-palarwd,     Acoordiox  to 

the  undulatory  theory,  a  ray  of  oonmion  light  contoiiu  vibratiotta  ia 

all  planea  ptfasing  through  Uie  ray,  awl  a  ray  of  phwii-polanzed 

light  oootaina  ribrationB  in  ouo  plane  only.     Polarimd  light  caonot 

be  diatlngauliod  from  common  light  liy  tbo  naked  eye;  and  for  all 

exporimenbi  in  polarization  two  piwca  of  apfiaratua  must  bo  eniploynl 

—one  to  produce  polariulion,  ntid  the  other  to  ahow  it.   The  former 

LN  calli<d  the  jxJnriMr,  the  tnltur  the  artalffiur;  uul  avety  apparmtua 

that  aerva  for  one  of  these  purpoaoe  will  also  wrv«  [or  the  otlior. 

In  the  uxperinKint  above  deteribod,  the  plate  next  the  eye  ia  the 

fl 
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analyDer.  Tbe  utsuitl  proosss  to  ox&minin^'  li'^'lit  wkli  a, 
vrliothcr  it  is  polari2«d,  coosUts  in  looking  at  it  tlirougli 
and  observing  whcUier  uiy  c}iang«  of  briglitncs  oceuts  «•  tbc  otuJjrMr 
ia  rotated.  'When  tbe  liglit  of  tlie  blue  i>ky  ia  tIniN  exaniiiic«l.  a 
difTerence  ot  bri^htoeea  con  alwnya  be  detected  acooriling  to  Uir 
position  of  the  analyser,  espcdally  at  Uie  distanoe  of  aboat  Off*  Into 
t)if  sun.  In  all  sudi  cases  tbore  ar«  two  positions  dilli'riii;;  bjr  Wt. 
wliid)  give  a  minimum  of  ligbt,  and  tliv  two  positions  mlcmurditl' 
between  thefte  give  a  maximum  of  light. 

The  extent  of  the  cliaiigea  tlitLi  ol)«er\'ed  la  a  ineorara  of  tbe  oob- 
pleteneas  of  the  polarization  of  the  lights 

1102.  Polurizntion  bjr  Keflection.— Tnuismifi&ion  through  toomuliw 
b  only  one  of  svvcraJ  ways  in  which  light  can  bo  polarixed.  Vba 
a  bvaia  of  light  is  reflected  from  a  polished  aurfaoo  of  glaa,  wool 
ivorj',  leather,  or  any  other  non>metallie  aubstaiiM.  at  an  angk  uf 
from  .SO'  to  GO*  with  the  normal,  it  is  morb  or  leas  polanzml,  tad  ia 
like  manner  a  re6ector  composed  of  any  of  tliese  substat)C«  my  t* 
employed  as  an  analyser,  la  so  using  it,  it  sliould  bo  rotated  abott 
an  axis  parallel  to  the  ineideot  rays  whieli  are  to  be  tnicd, 
observation  consists  in  noting  whether  tJiis  rotalion  pruducon 
in  tlie  amount  of  reflected  light 
Malua  I'olariaeope  (Fig.  776)  consista  of  two  reQcctoni  A.  8,  dw 

serving  as  polarizer  and  tlui  alia 
as  analyser,  eadi  oonnujLiog  ti  » 
pile  of  glass  pUttes.  Each  ef  tim 
reHectors  can  be  turned  alnol  ■ 
horizontal  axie;  and  tlie  upper** 
(which  ia  the  analyser)  ein  aki 
be  turned  about  a  vertical  ask 
theotuouol  ot  rotation  betaga*- 
sured  cm  the  horixoutal  cttdeCC 
To  obtain  the  ni<Mt  powcrial  tf- 
focto,  cocli  of  tlte  reHectoci  ab«itl 
be  set  at  an  ottglo  of  about  Sf  ti 
the  veitioal.  and  a  Ktrong  hmad 
common  light  ahould  be  alhwil 
to  fall  upon  the  lower  pile  in  such  a  direction  aa  to  be  niirilf 
vertically  upwards.  It  will  tltus  fall  upon  tlin  cvntrv  of  the  off 
piliMirid  the  angles  of  incidence  and  rvfloction  on  both  the  pil««2 
be  about  57°.    The  observer  looking  into  tlio  upper  pik,  tnMcha 
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0  t))U  roRKted  beats,  will  find  thnt,  iw  tlin  iippfir 
ft  vortical  axis,  there  are  two  {xuition.*  (diU'erjiig 
by  ISO*)  in  which  he  aecs  a  bUck  spot  in  the  centre  of  the  liold  of 
view,  thpse  being  tlie  positions  in  which  the  upper  pile  rofusoe  to 
rcSoct  the  ticfht  roHuctwl  to  it  from  th«  lower  pile.  They  are  90*  un 
eitlter  hIiIv  of  tlie  position  in  which  the  two  piles  are  parallel ;  this 
latt«r,  and  the  po-tition  dillering  from  it  by  180°,  boing  thoee  wliioh 
give  a  maximum  of  retlocted  light. 

Fur  overy  rcflocting  subotanco  there  ia  a  particular  angle  of  inci- 
dcDce  whidi  gives  a  ituiximuin  of  polarimtion  in  tlio  reflected  li};ht 
It  li  called  the  poturi^ing  anjle  for  the  aubatauce,  and  i(a  tangent  is 
always  er|ual  to  the  index  of  refraction  of  the  eubstanoo;  or  what 
amounts  to  the  same  thin^.  it  is  that  particular  nn^lo  of  indilenoa 
irbieh  u  the  coinpleiiicnt  of  tlio  angle  of  rofroction.  so  tluit  bh« 
refr*ctc<l  and  T«ttectc<l  rajii  are  at  right  angles.'  Thi^  important  law 
wu  discovered  experimentally  by  Sir  David  Brewst«r. 

The  reflected  ray  under  these  circumstances  ia  in  a  state  of  almost 
oomplete  pcilarii^aUun ;  and  the  advantage  of  employing  a  pile  ot 
pUtcs  oon»ist«  merely  in  the  greater  tnteosity  of  the  reflected  light 
thus  funiiithcd.  The  transmitted  light  Li  also  polarized;  itdiminUhcs 
in  intensity,  but  becomes  more  completely  potariiEed,  as  the  number 
of  plaice  is  increased.  The  roBcct«d  and  ihe  transmitted  light  are 
in  fact  mutually  ecmtpleiDttntaty,  being  tlio  two  parts  into  which 
common  light  has  been  dceomposeil;  and  their  jKilftiizations  an) 
aeeordiogly  opposite,  bo  that,  if  both  tlio  tiannmittcd  and  reflected 
beans  are  examined  by  a  tourmaline,  the  maxima  of  ob&euratioo 
will  be  obtainc<l  by  placiti;  the  axis  of  the  touimslino  in  the 
one  cose  parallel  and  in  tJio  other  perpendicular  to  the  plane  of 
incidence. 

It  is  to  be  noted  that  what  is  lost  in  reflection  is  gained  in  tnuit> 
auMion.  and  (jiat  polai-izution  never  favours  reflection  at  tite  expoDM 
of  transmission. 

1103.  Plsna  of  PoIariutloD, — Tliat  particular  pUno  in  which  a  ray 
of  prjiarixed  light,  incident  at  Uio  polarizing  angle,  is  most  oopiously 
nfloctvd,  b  called  the  jtlitne  of  jwlarisalion  of  the  ray.  When  the 
poUriiatioo  ia  produced  by  reflection,  Uie  plane  of  rvflection  in  the 

•  AilofUns  ih>  loJion  «(  rtrnM«<n  (tvM  In  IW  UU*  I  M«,  <«•  flnj  Um  loOcvtiig  vtluM 
br  til*  (loUrUlBf  >dj)I«  U»  tlu*  Mi>binB*atlua«l  fbil—f  i— 
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plane  of  polarizatioD.     According  to  Freanel's  thnor^*,  which  i 
generally  received,  the  vibrations  of  light  polarized  iu  any  plane 
perpendicular  to  that  piano  (§  1115).    The  vibrations  of  a  ray  reflected 
nt  tilt;  polarixiag  angle  arc  nocordin^ly  to  be  regarded  aa  perpeoA- 
cular  to  the  plane  of  incidence  and  redectioo,  and  therefore  as  pataU - 
CO  the  reflecting  surface.  I 

1104.  Polartsatioa  b;  Double  Keftaction. — We  haro  dMciibed  ia 
J}  QOa  some  of  thu  principal  phonomona  of  double  refraction  in  aiiias4 
cryHt&la.     We  have  now  to  mention  the  iniportant  fact  Uiat  the  t 
raye  furnished  by  double  refraction  are  polamcd,  the  polaritatioB 
this  case  bcinj;  more  complete  than  in  any  of  the  cases  tlius 
cussed.    On  looking  at  the  two  itnageK  through  a  plate  of 
or  any  other  analyser,  it  will  be  fonnd  that  they  undergo  great 
tion-s  of  brightness  as  the  analyser  is  rotated,  one  of  thsm 
fainter  whenever  the  other  becomes  brighter,  and  the  maxian 
bri;^htness  of  eitlior  being  siinultaiieou^  with  the  absolute 
of  the  other.  If  a  second  piece  of  Icelaud-«par  be  us«d  as  the 
four  intu^  will  be  )»een,  of  which  one  pur  beooma  dimmer 
other  pair  become  brighter,  and  eiUier  of  these  poire  can  be  attb- 
gutahed  by  giving  the  anaij-aer  a  pro{>er  position. 

1105.  Theory  of  Doable  Berraction.— The  existence  fif  double  refM' 
tion  admits  of  a  very  natural  explanation  on  the  undutatoiy  ihemj 
In  uniaxal  cry»tals  it  is  asKumcd  that  the  elasticity  of  the  InmiBilw- 
ous  lether  in  tlie  itamo  for  all  vlbraliniui  executed  in  direction*  pttp» 
dicular  to  the  axis;  and  tliat^  for  vibrations  in  other  (ItrMtioot. tb 
elasticity  varies  Holely  acoording  to  the  inclination  of  the  tBndi* 
of  vibrntioa  to  tlie  axis.  There  are  two  clashes  of  doubly -rsfisirin 
uniaxal  crystals,  called  rMpvctivvly  positive  and  ft^guHm.  b  A* 
former  Uie  clastidty  for  vibrations  purpendicalar  to  the  ■»•  h  • 
maximum;  in  the  latter  it  is  a  minimum.  Icoland-apar  bdcnp  <■ 
the  latter  elaas;  and  as  small  elasticity  implies  slow  projvgaliti.* 
ray  propagated  by  vibrations '  perpendicular  to  tiui  axis  wtU.  is  it^ 
crystal,  travel  with  minimum  velocity;  while  th«  moat  rapid  p>- 
pagatiou  will  be  attained  by  rays  wboea  vibrations  an  pvailW  iv 
Uie  axis. 

Consider  any  plane  oblique  tc  the  axis.  Through  any  fAi  9 
Ma  plane  we  can  draw  unu  line  perpendicular  to  tha  axis;  ttd  A» 
line  Ht  Hi^ht  angles  to  this  will  have  smaller  tnclinatioa  to  lbs  ■>> 
than  any  oUier.  line  in  the  piano.  Tliese  two  Uncs  an  the  4iwa»» 
of  least  and  greatest  reaistunce  to  vibration;  the  fiKiner  ii  tha  ifiH^ 
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tioa  of  viliraticm  for  an  ordin&ry,  and  On-  latt'T  for  an  extraordinary 
ny.  Tile  velocity  of  propagation  is  th*  Baiiie  for  the  ordinarj-  ta.y» 
ID  all  directions  in  th«  cryst*!,  ao  tliat  Uie  wuvc-iiiirfacn  for  thoM  in 
Kpberioat;  but  the  velocity  uf  propagation  for  the  nxtninnliiiary  rays 
difTers  according  U>  tlieir  inclination  to  tlte  asbi,  and  their  wa%*e- 
aurface  is  a  spheroid  whose  polar  iUaiiiet«r  a  equal  to  (lie  diamet«r 
of  tjie  aforesaid  sphere.  The  sphere  and  spheroid  touch  one  another 
at  the  extremities  of  this  diameter  (which  is  parallel  to  the  axis  of 
the  crystal),  and  the  ordinary*  and  extraordinary  rays  coincide  both 
in  dircetion  and  wlocity  along  this  common  dinmut«r.  Tbt  gmMfftl 
oooaUnietioQ  for  Uie  path  of  the  cxtraonlinAry  my  is  due  to  Huygena. 
and  haa  been  deecribed  in  {J  lOSl,  V'lg.  770,  wIkto  C  A  i»  tlie  tnddcnt 
and  A  F  the  refracted  ray. 

When  the  plane  of  incidence  contains  the  axis,  the  spheroid  will 
be  aymmetncal  witli  reepeet  to  this  plane;  and,  therefore,  when  we 
draw  the  tangent  plane  E  P  perpendicular  to  the  plane  of  incidence 
(aa  dirocied  in  thu  eouatruction)  the  point  of  contact  K  will  lie  in  thir 
plane  of  incidence. 

Another  qwctal  caae  b  (Jiat  in  which  the  plane  of  incidence  is 
perpendicuUr  to  the  axis,  and  the  refracting  surface  pamltel  to  the 
axia.  In  this  case  alwi  the  ^plioruid  will  Im>  HymmetHoal  with  roapeei 
to  tlio  plaiic  of  inc-idcttco,  which  will  in  fact  Iw  the  equatoriiil  plane 
of  the  ^herotd,  and  thr  point  of  (Contact  F  will  i»  before  lie  In  thtn 
plane.  Honover  since  tlie  section  in  <-i|uiitcrial  it  in  a  drdo,  and 
hence,  as  shown  in  Fig.771,Ui«  law  of  hin>-s  will  be  a|>plioal>le.  Thu 
ratio  of  the  nnea  of  the  angles  of  inoidenoo  and  refraction  fur  thin 
I>articular  cano  a  called  the  tOtraordmari/  indra  of  refniction  for 
the  cryHtal.  It  is  the  ratio  of  the  velocity  in  air  to  the  velocity 
along  an  etgnatorial  railiiis  of  the  ■phen>id. 

In  general,  tlie  aphoroid  is  not  nyuimetricol  with  rw|)«ct  to  tJie 
plane  of  incidence,  and  the  rofnwtod  my  A  F  does  not  lie  in  tliia 
plane 

Touniialino.  like  leeUnd-Mpar.  is  a  negative  uniiuuU  crystal ;  and 
its  UMe  nx  a  polarizer  depends  on  the  propeKy  which  It  poaaeanca  of 
abaorhint:  the  onlinary  niucJi  inon'  m]>idly  than  tlie  extraonltnary 
ray,  so  that  a  Uiickness  which  in  tulrrably  trausparcnt  to  thu  latter 
is  almost  completely  opaque  to  the  former. 

1106.  Nleol's  Priam. — One  of  tlie  lutmi  coavcnlent  and  «0tetiva 
oontrivanciM  for  polarixing  lljfht,  ur  analysing  it  when  polarised,  fai 
Uiat  known,  fnxn  the  uuae  of  it«  inventor,  bm  Niflor*  priini.     It  \» 
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nude  by  slitting  «  rhomb  of  Iceland-apar  along  a  disgonkl 
aettti  (Fig.  777),  and  oeniBnting  tlie  two  pieoM  together  in 

natural  position  by  Canada  balaua.  k 
Bubstanoo  whose  refractive  index  is  Inttf- 
mediate  between  the  ordioaiy  and  «cti»- 
ordinaiy  indices  of  the  cr^-staL'  ArmjJ 
oominon  light  S I  uudcrgoos  doable  xtlne- 
tion  on  entering  thv  prism.  Of  the  twe 
rays  thua  formed,  th«  ordiiuuy  my  k 
totally  reflected  on  meeting  the  first  tar- 
fucb  of  the  balsam,  and  passes  out  at  oh 
aide  of  the  crystal,  as  oO;  whilo  tb*  «• 
traordinary  ray  is  tnuistnittod  tbrao^ 
the  balsoni  a«  througli  a  [lAiallfrl  ykkt. 
and  liniilly  emergCi  at  tlir  ond  of  tba 
pristD,  in  the  direction  e  E,  [laimLtc]  to  t^ 
4>riginal  direction  S  L  This  apparatu  ha 
nearly  all  the  oonvomence  of  a  tounaalsM 
plate,  with  the  advantages  of  much  greater  trunsparoncy  ukl  tt 
complete  polorizattun. 

In  Foucault's  pruun,  which  is  exteaiivcly  ititcd  instead  iif  iiiett% 
the  Canada  baUam  is  omitt«d,  and  there  a  notliing  but  air 
tlie  two  pieces.    This  change  has  the  advantage  of  HhortMitiif  lb 
prism  (because  the  oriUcal  angle  of  total  redoction  drpends  od 
relative  index  of  refraction  of  the  two  media),  but  ipve«  a 
field  of  view,  and  r&tlier  more  loss  of  lij-ht  by  rtjHt'ctioa 

1107.  Celours  produced  bjr  Elliptic  PoUmatioa. — Very 
colours  may  be  produced  by  the  peculiar  action  of  polamed  I)^ 
For  example,  if  a  piece  of  selenite  (cryBtallijwd  gypsum)  aboot  ihi 
thickness  of  paper,  ia  introduced  between  the  polarisor  and  aatlpK 
of  any  polarizing  arrangement,  and  turned  about  into  diflnit 
dinjctionK.  it  will  in  some  positions  appear  brightly  ootoond.  tk> 
colour  being  most  dvcidcl  when  the  analyser  Is  in  eitlier  of  tbs  tva 
critical  pocuUoMS  which  give  respectively  the  gnateat  light  ud  tkt 
greatest  darkneas.     The  colour  is  ckongod  to  its  anaptnnMUiy  t? 

'  ■  uid  ft  Arc  th«ourn<n  at  wtileh  diraa  equal  otitnM  •afki  9rM  t|MI|.  TWak' 
tbo  rbiHnbwhidi  an  abadM)  in  the  figurs  an  (homliuaaa  Tbett  iH^nn«li  i1ii«*  l>n* 
>  and  t  n»i>«:tiwly  wiU  lia  iii  on«  |'Un<^  vbicti  will  coMun  tha  *ib  M  ikt  «7«A<*' 
MlcutthcplancolMetlonucbifat  rifbt  angkfc  Hw  l*B^  o(  tiM  Ai^ib  b  ikMI  >* 
■u<l  >  halt  tinea  iti  breadtb. 
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rotebing  the  ansl^r  ibrougli  a  right  angle;  but  rotation  of  the  pieca 
of  soleoitti,  when  th«  analyser  is  iu  cither  of  the  critical  ptisitions, 
iiiorclx  ^tura  iho  duptti  of  thu  colour  without  changing  itn  tint,  and 
in  oert«in  critical  |>o«itiotix  of  Uto  wlnnito  thttt  i»  a  coiiiplctfi  atimtMS 
of  colour.  Thicktr  pUtoa  of  8olsnit«  restore  tho  light  wlion  ex- 
tinguished by  the  analyser,  hut  do  not  ahow  colour. 

1108,  BzplanatioD. — The  foUowint;  is  the  explanation  of  those 
appoanmoee.  Lot  the  analyser  be  turned  into  such  a  ixjeition  as  to 
produce  complete  oxtinctioo  of  the  plitoo-polarizod  light  which  oontei 
to  it  from  tlie  polarin^r;  and  let  thu  plane  of  polarization  anil  the 
plane  porpcadieular  thereto  (and  parallel  to  the  polarised  ray^)  bo 
called  the  two  plane4  of  rt/ertnee.  Let  the  slice  of  aelenite  be  laid 
so  that  the  polarizod  rays  pass  through  it  normally.  Then  there  ara 
two  directions,  at  right  angles  to  each  other,  wlucb  arc  the  directions 
of  greatest  and  least  ohwtidty  ia  the  plane  of  llio  slice.  Unless  tJie 
slice  is  laid  so  that  these  directions  coiaeiile  with  tlie  two  platii-s  of 
reference,  Uio  plane-polorixed  light  which  is  incident  upon  it  will  tw 
broken  up  into  two  rays,  one  of  which  will  traverse  it  more  rapidly 
tJuui  the  other.  Referring  to  the  dia;;rant  of  Ljaaajgoa'  figures  (Fig. 
G<14),  let  the  sides  of  the  rectangle  be  the  directions  of  greatsst  and 
leaat  rJasticity,  and  lot  thsdisgooal  line  in  the  first  figure  bo  Uie 
direction  of  tJie  vibnitions  of  an  incident  ray, — this  diagonal  accord- 
ingly lies  in  one  of  the  two  planes  of  reference.  In  traveising  liie 
I  alios,  tbe  component  vibrations  in  tlie  din^^ctions  of  greatest  and 
least  elasticity  will  be  propagated  with  unequal  velocities;  and  if  the 
incident  ray  bo  homogeneous,  thu  omoigent  light  will  \m  cllipticolly 
polari^id;  that  is  to  nay,  its  vibrations,  instead  of  being  rectilinear, 
will  bo  elliptic,  prucisoly  on  tJie  principle'  of  Blackburn's  pendoluin 
(§  024).  Tin  shape  of  the  ellipse  depends,  as  in  the  case  of  Lis- 
siyous'  figures,  oti  tho  amount  of  retardation  of  one  of  the  two  ooni- 
pooent  vibrations  ss  oonijiared  with  tho  other,  and  tiiis  is  dirvcily 
proportional  to  tho  thicknen-i  of  tlto  slice.  The  analyser  resolves 
tbeee  sUiptio  vibrations  into  two  reclilineor  oDUipoaents  panllsl 
and  perpendicular  to  tbe  original  direction  of  nbration,  and 
suppreucB  one  of  these  componants,  so  that  only  tho  oth«r  rsmaiaa. 


■  -n>  priadpt*  l>  UM,  >bi 


Ubpl 


Mrt  «<  *  panUa  pMiJM  la  aUk*  ot  tW  lUn 
«i  Ika  naUHS>«  •"^  •■>  *  nrtuttef  (mm  dlrwUj  vffmk\m  to  Um  db|ilMMBMt,  Ouptw*' 


■•mbUijialiOTilin«tlM>MO««at  •  iMl«diis  lofM  ImUmiI  loUmUfwtlaacf  iMtplao- 
'  mnA,  %Kiaf[  Iu  ImS  Um  rMolUal  af  Uia  two  HalcTinc  (mm*  akkli  IM  imt  toMinewifc 
panlM  I*  Iha  •Uh  U  tW  wlii^U  votU  mU  <m>i. 
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Thus  if  the  ellipse  in  the  aiini.>x«rl  tigure  (Fig.  778)  rapreMOit  flw 
vibratiuiu  of  the  light  as  it  eiuei^Gii  from  ihe  aelftaitit,  uid  CD, 
EF  be  tongeBto  parallel  to  the  prigiitaJ  >iin«tiu& 
gf  vibntti<ni,  th«  pcqtontlicuLar  di&tance  brtweot 
thne  tangents,  A  B,  is  tliu  cuiiiiHiuunt  vibnuion 
which  is  not  supprened  wh«a  the  umlyMr  u  m 
turned  that  all  the  tight  would  bo  tupimaHd  if 
the  selenite  were  removed.  By  rotating  the  ualy- 
fier,  we  shall  obtain  Wbrations  of  various  sniplitwlw 
corrcspondtog  to  the  dintanees  between  paialM 
tangents  drawn  in  varioujs  diractions. 

For  a  oertain  thickneaa  of  selcnito  the  ellijMi  atvf 
become  a  circle,  and  we  have  thus  what  ia  called  eircuUiriy  iiJarittd 
light,  which  is  charaderiz^d  by  the  property  that  rotation  of  ths 
analymr  produoeH  no  change  of  intensity.  Circularly  polarized  liiiilit 
b  not  however  identical  with  ordinar)'  light;  for  the  iulerpoutioB 
of  an  additional  thickness  of  selemt«  converts  it  into  elliptkillT 
(or  in  a  particular  case  into  plane)  polarized  light  (§  1114). 

The  above  explanation  a]>plies  to  homogeneoua  lighL  Whm 
incident  light  is  of  various  refnuigibilittes,  the  relardatioa  dt 
oompuucnt  upon  tho  other  is  greatest  for  the  rays  of  ahort«rt  waw- 
length.  The  ellipses  ore  accordingly  difTerent  for  tlie  different  altaB' 
tary  coIooki,  and  the  analyser  in  any  given  positioo  will  prodoei 
unequal  eupfHression  of  different  colours.  But  since  tba  uiiiipiMMI 
which  is  suppressed  in  any  one  position  of  tlie  nnalywr,  t*  tliio  cm-  J 
punent  wttidi  is  not  suppressed  when  tho  analyser  is  turned  Umo^b  I 
a  right  angle,  tJie  light  yitrldud  in  the  former  casu  plug  tbv  U^  I 
yielded  in  the  Latter  must  be  equal  to  the  whole  Ugbt  wbicb  n*  I 
incident  on  the  selenite.'  Uence  the  colours  exhibited  in  Umm  V^^I 
positions  must  bo  complementary,  J^^| 

It  iH  necessary  for  the  exhibition  of  colour  In  Uinau  exfwriaMii 
tliat  the  plate  of  selenite  should  Ik  very  tliin,  oUicrwiso  the  niMPi^ 
Uon  of  one  component  vibration  as  compared  with  tho  oth«r  will  )m 
greater  by  several  oou]plut«  periods  for  violet  than  for  rsd,  m  list 
tho  ellipses  will  be  Identical  for  sevin^  different  eolotm.  a^  l^ 
total  non-suppressod  light  will  bo  sensibly  whilo  in  all  ptwitiijai^ 
the  analyser. 

'  W*  hen  negleot  tlie  ll^t  abwrbeil  hkI  KUuradi  but  Hi*  Idm  at  (fata  iloa  •*.  ^a* 
«ff«ot  tliD  t«!avr  ot  the  whok  II  >•  to  b*  bora*  in  mio.l  tliU  Uw  Vnti^ij  at  ll(ta  a  ■» 
Kuvd  b;  tho  m/vart  ot  tb*  unpUtodf^  uii]  la  tLerrfon  the  tlmfJa  warn  rf  (faa  l«baM*4 
ita  too  eeanfoaeait  wli«n  tba  rMotatioo  is  tactwyJtf. 
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Two  tliick  plikt«8  Ri«y  however  be  ao  <xH»binc<t  m  to  produce  the 
efl««t  of  oii«  thin  plal«.  For  vxomple.  two  6elenit«  pUtcu.  of  nearly 
«()iui]  thickness,  may  be  Inid  one  upon  th«  other,  so  tiiat  the  diroo- 
ti(pD  of  ^7«ateBt  elaatkity  in  tho  one  Mhall  ho  parallel  to  that  of  leant 
elBsticity  in  tho  other.  The  redultant  nrPect  in  Uiis  caw  will  \v  that 
due  to  the  diti'vrcnoo  of  tlieir  thick n<vM4^n.     Two  plat4W  »o  laid  are 

Mli<l  to  )>0  CTO&gfd. 

1109.  Coloars  of  PlatM  p»rp«tidioii)tr  to  Axia. — A  different  ebiH  of 


npptaianoQs  are  [inwentvd  whi-n  ii  platv,  cut  from  a  aniaxal  cryHtal 
by  wxtions  peipeodicular  to  the  axttt,  is  tiiMrted  belwoun  the  {mlnr- 
Lcur  niid  the  analyser.  luiOuad  of  a  broad  aboot  of  uniform  colour, 
we  liave  now  a  siystetD  of  ooloared  ringa,  ialemiptod.  wheu  tJie 
ooalywr  in  in  one  of  tlie  two  critic&l  positions,  by  a  black  or  white 
ctum.  as  at  A,  B  (Fig.  770). 

1110.  Explanatioii. — ^The  following  is  thu  explanntion  of  iImmv  ap- 
pearances. Su[^K«e,  for  simplicity,  that  Uie  analyaer  in  a  plaM  f4 
tourtualino  held  clow  to  the  c^.  Th<'n  the  light  which  cotue*  to 
the  eye  f  nnn  the  ncarent  point  of  tliv  plate  under 
exoiuination  <tlie  foot  of  a  jM-rpttnitii-ulardrDiijied 
upon  it  from  the  eye),  haa  travet»c<I  tlie  plate 
nonrtally,  and  therefore  [lamllel  to  ita  optic  axia. 
It  haa  therefore  Dot  b«oa  resolved  into  an  ordl- 
luirj-  and  an  extraordinary  ray,  but  Km  vniorgnd 
tnnti  tlie  plate  in  the  Hanio  ounditjon  to  whidi 
it  <-nttired,  and  in  therefore  black,  gny,  or  white 
acconliiig  to  the  position  of  the  analywr,  juMt 
u  it  would  be  if  the  pl«t«  were  removed.  But 
the  light  which  ooniM  obtiigtiely  to  the  eye  tram 
any  othur  part  of  the  plate,  hiu*  traversed  the  plate  obtiqnuly,  and 
bw  ODdergone  double  refnctjon.     IjhI  E  (Fig.  780)  be  tbe  pcsition 
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of  the  eye.  E  O  a  perpen<liculRr  on  tlw  platu,  P  a  point  oo  tlio  ctr 
cum£erenco  of  a  circle  dvscribod  ftbout  O  im  centre  Tb«n,  nuice 
EO  i»  pitraJlcl  to  tho  iLxia  of  the  plate,  the  dtreetioD  of  viltntioa 
for  tho  onJituiry  ray  at  P  is  perpendicular  to  the  piano  E  O  I',  aai 
is  tangential  to  the  circle.  The  direction  of  vibratton  for  tha  nxtrv 
ordinary  ray  lies  in  the  plane  E  0  P.  is  nearly  perpoDiUcular  to  EO 
(or  to  the  axis),  if  thu  anr;lo  O  E  P  is  Hmall,  and  devlatoi  more  from 
perpendicularity  to  the  axis  as  the  atiglo  O  E  P  iDcroasw.  Both  fat 
tliis  rea»o»,  and  also  on  account  of  the  greater  thickneas  tiarefSML 
the  retardation  of  one  ray  upon  the  oiher  ia  greater  aa  P  is  taken 
further  from  O;  and  from  the  symmetry  of  tlie  circumstances,  it 
must  be  the  same  at  the  itamo  distaocu  from  O  all  toond.  In  coe- 
aoquonce  of  tliis  n.'Uin)atioti,  the  light  which  «n«^eii  at  P  in  the  (B- 
ruction  PE  is  uUipUcally  polarized ;  and  by  the  agency  of  tho  analyarr 
it  Ui  accordingly  resolved  into  two  oomponenU,  one  of  wHidi  in  »up- 
prcMed.  With  homogeneous  light,  rings  alternately  dark  and  bright 
would  thua  be  formed  at  dJstai>cos  from  O  corresponding  to  ratanlft- 
tions  of  0,  i,  1. 1),  S,  SJ,  ■  ■  ■  complete  periods;  and  it  caii  be  sbowa 
that  the  radii  of  thew  rings  would  be  proportional  to  thts  nuinhn  0. 
VI,  VS.  VS.  V4.  VS.  V6:  .  .  .  The  rings  are  larger  for  li^htof  long 
tlian  of  short  wave-tengtlt;  and  the  coloured  ring»  actually  esliit>it«l 
when  white  light  is  employed,  are  produced  by  tlie  traperposttioo  of 
all  the  s^-stema  of  monodiromatJc  rings.  l*he  monoctiromatk  riagi 
for  red  light  are  cosily  seen  by  looking  at  the  actual  ria^  thna^ 
a  piece  of  red  glam. 

Let  O.  p  b'ig.  781.  be  the  same  points  which  wera  d«aaUl  hf 
tlicae  letters  in  Fig.  780,  and  let  A  B  be  the  direction  of  vibntMo  ef 

the  light  incident  on  tlte  crystai  il  T. 
Draw  AC.  DB  parallel  toOP.aal 
complete  the  rectai^lo  A  0  B IX 
Tlien  tJie  length  and  Ijraadlh  of  Uai 
rectanglear«approxituat«lytboditt*- 
tions  of  vibration  of  the  tww  omi- 
pununb«.  one  of  which  loses  u[>ub  Ibl 
other  in  Iravcreii^  lb«  crjnUal-  TV 
vilirutiuii  of  tha  flnergent  ray  »  r^ 
presented  by  au  ellipse  inscribed  in  the  rectangle  A  C  B  O  (S  Ut 
note  2);  and  when  the  loe^  is  lialf  a  period,  thix  t-llipnv  ahiiakiisM 
a  strmigbt  line,  namely,  the  diagonal  C  D.  Through  C  aod  D  iliM 
linw  ]um&lIol  to  AB;  then  the  distance  betweoo  thaw  panfUi 
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fspreBento  tlio  double  ampliliirlo  of  tlio  vibmtiou  which  is  timns* 
tnitted  when  then  lias  been  a  retanlation  of  lialf  s  peiiod,  iLod  'a 
gnat«r  than  the  distance  between  the  tangenta  in  the  &ame  diroc- 
tioQ  to  any  of  the  iascnbcd  ellipses.  A  retardation  of  another  Imlf 
period  will  lu^iii  reduce  the  ioKiibed  oUipso  to  tlie  atnught  lino 
A  U,  Hit  at  linat.  Tli«  poi(iUon  D  C  corresponda  to  tliB  hrightwt  buiI 
A  U  to  the  darkcjit  part  of  any  one  of  the  soriea  of  rings  for  a  given 
wave-len;:^)  of  light,  the  anal}-»er  beis^  in  the  pOBitioo  for  eup- 
prLtssinf;  all  the  light  if  the  crystal  wore  removed.  When  tlie  analyser 
ia  turned  into  the  position  at  right  anglw  to  Uiis,  A  B  correeponila 
to  the  brightest,  and  D  C  to  the  darkcnt  parts  of  the  rings.  It  ia  to 
be  remembered  that  amount  of  retardation  depend)  upon  diiit«Dce 
from  the  centre  of  the  rings,  and  is  the  same  nil  round.  The  two 
diagonals  of  our  rectangle  tberafore  comspond  to  difibrcnt  sixes  of 
rings. 

If  the  analymr  i^  in  sudi  a  poution  with  respect  to  the  point  P 
oonHJderod,  tliat  the  suppressed  vibration  U  parallel  to  one  of  the 
sides  uf  the  rectangle  (in  otlier  words,  if  O  P,  or  a  line  perjiondi- 
oular  to  0  P,  is  the  direction  of  suppreseion)  tJie  retardation  of  onv 
oomponvnt  upon  the  other  Ka»  no  influence,  innsmueh  a«  one  uf  the 
two  oomjwneutfl  b  completely  »u|^tmsd  and  tlio  uthcr  is  oom[)li-t«Iy 
traoanulted.  There  are,  accordingly,  in  alt  |>09itioni  of  the  analyiiar, 
a  pair  of  diometen.  coinciding  witli  the  directions  uf  suppreauoa 
and  non-suppression,  which  arc  alike  along  tlioir  whole  length  and 
free  from  colour. 

Again  if  P  b  niluated  at  B  or  at  90*  from  B,  the  comer  0  of  ttie 
rectangle  ooinddca  with  B  or  witli  A,  and  the  rectangle.  wiUi  all  its 
inscribed  ellipses,  shrinks  into  the  straight  line  AB.  The  two 
diaiiirtvni  coincident  with  and  perpftnlicular  to  AB  an  therefore 
alikr  along  tlivir  whole  length  and  un^oluun-d. 

l*lie  two  colourless  orosHS  which  wv  Itave  thus  accouiilod  for,  one 
of  them  turning  with  the  analyser  and  the  other  retoaining  fixed 
with  the  polsrixer,  are  uasily  ohsen'cd  wh'-u  the  analywer  b  not  near 
the  critical  poftitioos.  In  tJie  critical  poaitions,  th«i  two  oroases  come 
into  ooincldeniM;  and  thone  on  aUo  the  positiotu  of  maxiiniiin  black- 
nsss  or  maximum  whitetwm  for  the  two  cixmbm  eooMiIcrcd  sepoi^ 
at«ly.  Henoo  the  conspicunns  duiniclor  uf  the  croM  in  either  of 
these  positium,  a»  ropiwttnted  at  A.  ti,  Fit:.  779.  Ah  the  analyser  is 
tumiyi  uwny  fiwii  Uieao  poidtionx,  the  cross  at  flrat  tunu  after  It 
witli  half  iu  angular  velocity,  but  soon  btvaks  up  into  ringx,  soma- 
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what  in  ()io  mannor  ropree^ited  nt  C,  wbidi  correspoads  to  » ; 
tion  uot  (iiMvring  tnucb  from  A. 

1111.  Biax&l  OiysUlf. — CrystAls  may  be  divided  optically  rata 
Uiree  cUssea: — 

1.  Those  in  which  there  is  no  distinctjon  of  different  directioiu.  ■• 
regards  optical  properties.  Such  cr}-sUUi  arc  said  to  be  optiodl; 
itotropic. 

2.  i%ose  in  which  the  optical  properties  are  tbo  sane  for  all  dine- 
tions  equally  inclined  to  one  particular  dii«otioii  called  the  optie  azii; 

it  vary  according  to  this  inclination.    Such  eiTfttaU  aru  called 

liaxai. 

8.  All  remaining  crj-^tals  foxeluding  compound  and  irregular  fu^ 
rnaUons)  belong  to  tl)e  class  called  tnaaxiL  In  anj  boiooffenaiMi 
elastic  solid,  there  ore  three  cardinal  directions  called  (tzsa  of^tuti- 
city,  possessing  the  same  distinctive  properties  which  bekmg  ta  th* 
two  principal  planes  of  vibmUon  in  Bkcklnim's  pendulum  (§  t^St); 
tJtat  is  to  say,  U  any  small  pdrUoo  of  Uie  solid  be  distorted  by  for* 
cibly  displacing  one  of  ita  particles  in  ooe  of  these  cardinal  dirvcUoo*. 
the  forces  of  elasticity  thus  evoked  tend  to  Urge  tJie  particle  diirtUj 
back;  whereaa  displacemont  in  any  othi'r  direction  calls  out  (anm 
whose  resultant  is  generally  oblique  to  tbi>  direction  of  dispbuwiMnl. 
so  that  when  the  particle  is  released  it  docs  not  tly  back  throu;,'h  tlw 
position  of  equilibrium,  but  passes  on  one  side  <^  it,  just  aa  th*  bob 
of  Blackburn's  pendulum  generally  passee  betide  and  not 
the  low«at  point  which  it  can  reach. 

In  biaxal  crystals,  the  resistances  to  displnoomont  In  the 
cardinal  directions  are  all  unequal;  and  this  is  true  not  only  for  I 
dyatallinu  substance  itself,  but  also  for  the  luminiferoos  itilbi:r  wfaidb 
pervades  it^  and  is  inQuwaood  by  it'  Tlie  ouostrucUitu  givn  by 
Frennel  for  the  wave-surface  in  any  crystal  is  as  follows:—  Ti^ 
take  an  ellipsoid,  having  ita  axis  parallel  to  the  throe  eardittal 
tions,  and  of  lengths  depending  on  the  pardcuUr  crystalliaa 
stance  considered.  Then  let  any  plane  sections  (which  will  of  coon* 
be  ellipses)  be  made  through  the  centre  of  this  ellipaoid,  let  uncasb 
to  them  be  drawn  through  tlie  centre,  and  on  each  normal  let  pcilb 
be  taken  at  distances  from  the  oentie  equal  to  the  grvatasi  atHi  !■■ 
radii  of  the  corresponding  section.  The  locua  of  thoso  points  '»  As 
complete  wave-surface,  whidi  consists  of  two  sheets  coUii^  OM 

'  Thff  oarJiiiiJ  ilirectioo*  mv  btKntcr  b*H«««d  Mt  to  Iw  lb«  hum  Inc  i1m  Mhw  a  (■ 
■he  matcrikl  o(  tin  cryitaL 
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another  at  four  pointa.  Tliuo  fuur  puiiiu  of  iiiUirHi'CtiiMi  nm  nituau^d 
apon  the  DomiaU  to  tbv  Iwn  eirctUttr  aectiotm  ot  tliv  «lli[moid.  uiii 
tbo  two  optic  axes,  from  which  biaxiU  crystals  derive  tlioir  nauie, 
aru  clusvlf  rclAtod  to  the6«  two  circular  aectiona.  The  opiio  axes 
are  tlic  illructioiut  of  nngU  wave-vttucity.  and  tlto  DomaLi  l«  the 
two  circular  «ectioiu  aru  tlw  diroctions  of  »ingU  rag'VeloeUif.  The 
direction  of  advaocu  of  a  wuvv  is  ulwiij->i  ru^rdvd  m  tiormal  Ut  tb« 
front  of  the  wave,  whereas  tlie  direction  of  a  ray  (d«tlned  by  tbo 
oundittoo  of  traveraing  two  a])ertures  placed  in  its  path)  always 
pfiMos  tbroii^  the  centre  of  tb«  wave-surface,  and  u  not  in  g«nt-ral 
normal  to  the  front  Both  these  pain  of  directions  of  single  veto- 
city  aru  in  the  plane  whidi  contains  the  greatest  and  least  axes  of 
the  ellipsoid. 

When  two  axes  of  the  ellipsoid  are  equal,  it  becomes  a  spheroid, 
and  tbu  oryatal  is  uniaxaL  When  itll  three  axes  are  eqoat,  it  becotnvs 
a  Hphere,  and  Uie  crystal  is  botropia 

l^xfteriment  has  shown  that  biaud  crystals  expand  with  boat 
unuqually  in  throe  cardinal  directions,  so  that  in  fact  a  spbvricol 
|»eoe  of  iiuch  a  crystal  us  changed  into  an  olUpeoid'  wbnn  itit  tem- 
perature is  taijMMl  or  lowered.  A  spherical  pieco  of  a  uniaxal  eryntal 
in  tltu  same  circumstances  ohongea  into  a  spheroid ;  and  a  npbvrical 
pieioe  of  an  isotropic  crystal  remains  a  sphere. 

It  U  L'cnt'rally  possible  to  dutennin*!  to  which  of  thu  tliiuu  classos 
a  cryntul  belongs,  from  a  meru  iiu|>oi.'Lioii  of  ite  sliapo  us  it  occurs  in 
nature.  Isotropic  crystaU  are  soinetifuen  said  to  tw  aymntutrical 
alKHit  a  i>oint,  uniaxal  crystals  about  a  lino,  btaxal  cryHtabt  aUjut 
nvilher.     The  following  stateoient  ia  rather  more  precise: — 

If  there  is  one  and  only  one  line  aboat  which  if  the  crystal  be 
rotated  through  OQ"  or  «lse  through  120*  tlio  cr^-titalline  form  renuutts 
in  its  original  position,  the  crystal  is  uniaxal,  having  tliut  line  for 
tbo  axis.  If  there  h*  mum  than  one  surh  line,  the  cryxtal  is  isotropic; 
while,  if  there  is  no  such  lini-,  it  is  tnaxal.  Kvi^n  in  thu  but  ca%u,  if 
theru  extfli  a  plane  of  cryntalliite  symmetry,  xtii-li  iliat  one  half  of 
the  oiystal  is  the  reflected  image  of  the  othvr  half  with  respect  to 
this  plane,  it  is  also  u  plnm^  of  optical  Bymiu(.>try,  and  mtu  of  Uie  Uirat 
cardinal  directions  for  tlif  sMher  ia  porpemlicular  to  it* 

'  Thk  (Ml  (uniUhN  Ifce  bat  jioHBila  d«lifillign  uf  u  aUiiwiU  br  f^nnna  BDM^mtalM 

'  Tb  iftle  mica  «ttlwr  U«  l«  Uio  fJwu  <4  tjiaiMtrj,  or  U*  tai  a  [i«t|iiJttiitor  |>U«a  and 
u«  aqad/  tndiaMl  U  iIm  |>Una  ol  tfntoMj. 

Vsr  Um  fnalm  rtiliwilil  Wa  gl«M,  ite  EdUor  U  hiitdM«l  ta  Pnttmai  Btak*» 
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Glass,  vflifD  ID  a  strained  concIitioD,  aenaesi  to  ba  butropie,  »sd  ir 
Inserted  bclwi-cn  a  polarizer  and  an  analyaer,  exIiilnU  colouml 
strcakx  or  spoto,  whtcb  alTord  an  indication  of  the  distrihotHni  of 
strain  through  its  substance.  The  expcrimont  is  ahovrn  sometiniM 
with  iinannealod  glass,  whicli  is  in  a  condition  of  portoaoent  attain, 
someliraea  witli  a  piece  of  ordinary  glass  wliicli  can  bo  subjectod  to 
force  at  plcasuru  by  turning  a  screw.  Any  very  snitUI  portioo  of  a 
piece  of  strained  glass  has  tlie  optical  properties  of  a  crj'stal.  bat 
difTerest  portions  htivo  dilTcrcnt  properties,  and  bence  the  glum  m  i 
whole  does  not  t)chave  liko  one  crystal. 

The  production  of  colour  by  int«rpoution  between  a  pobuixer  asd 
an  analyser,  is  by  far  the  most  delicate  test  of  double  rofractloa. 
Many  organic  bodies  (for  example,  gruns  of  starch)  arc  Uiua  fosail 
to  be  doubly  refracting;  and  microscoptsts  often  avail  thcmaelrfs  of 
this  means  of  dctocting  diversities  of  structure  in  the  objectfl  wlii^ 
tlicy  exiuuini^ 

1112.  Rotation  of  Plane  of  Polarisation. — When  a  plate  of  qusits 
(rock -crystal),  even  of  considerable  thickness,  cut  perpendicular  to 
the  axis,  ia  interposed  between  the  polarizer  and  analj-svr.  colour  ii 
exhibited,  the  tints  changing  as  the  analyser  is  rotated;  ami  ainibr 
effects  of  colour  are  produced  by  employing,  instead  of  quartt.  a 
solution  of  sugar,  inclatod  in  a  tubo  with  plane  glass  cnd«. 

If  homogeneous  light  is  eniployed,  it  is  found  that  if  the  analjw 
is  first  adjusted  to  produce  extinction  of  the  polarizeti  light,  and  th* 
quartz  or  .saccharine  solution  in  then  introduced,  there  im  a  {>artjal 
rcatoration  of  light.  On  rotating  the  analyser  tlirough  a  otftaia 
angle,  thero  is  again  complete  extinction  of  the  light;  am]  oa  cos- 
paring  different  platCK  of  quartz,  it  will  bv  found  Uiat  th«  an^ 
through  which  Uio  analyser  must  Iw  rotated  is  proportional  to  t^ 
thickness  of  the  plate.  In  tlie  cute  of  solutions  of  sugar,  tl»  ufW 
is  proportional  jointly  to  the  length  of  the  tubo  and  tlie  otmistb  ti 
the  solution. 

The  action  thus  exerted  by  quart*  or  sugar  is  oallod  tvtati«m  f 
the  plane  of  polarizaiion,  a  iiair.e  whidi  precisely  expru—  tfas 
obaervcd  phenomena.  In  the  cose  of  ordinary  qoarta,  and  oohrtiow 
of  sugar-candy,  it  in  necessary  to  rotate  the  analyser  in  tbt  A•^ 
tioa  of  watcli-hands  ti»  seen  by  the  observer,  and  the  rotation  d 
Uio  plane  of  potari^tation  is  aatd  to  bo  rl^jht-hantlftL  Inthtois 
of  wlmt  is  called  left-handed  qua-^.and  of  (toluttonit  of  non-ujilil 
Uzablti  sugar,  the  rotation  of  the  plane  of   polarization  b  in  tb 
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opposite  direction,  &nd  the  observor  nttut  rotate  tlie  uiatysm-  igatnat 
watch-liaoda. 

Tbo  unount  of  rotation  b  difTeront  for  tlie  diflercnt  elementary 
eolourg.  and  has  boon  found  to  b«  inveneljr  as  the  square  of  the 
wave-length.     Hcnoe  the  production  of  colour. 

1113.  Magraeto-optic  Botation. — Faraday  oiodo  tlio  rcmorkublo  dis- 
covery ttut  tho  platiK  of  polarization  can  bo  rotated  in  certaio 
cifcunutAiiocs  by  tJio  action  of  uagnetuinu  Let  a  long  rectangular 
piece  of  "  beavy-glan  '  (.iilico-bont«  of  lead)  be  placed  longitudinally 
between  the  polea  of  tJie  powerful  electro- inagnet  reproecoted  in 
Fig.  445  (page  6S3).  which  is  for  this  purpose  made  hollow  in  ita 
axis,  so  that  an  observer  can  sco  through  it  from  end  to  end.  Lot  a 
Nicol's  prUni  be  fitted  into  one  end  of  tho  magnet,  to  serve  as  polar- 
izer, and  anoUicr  into  the  other  end  to  acrve  ns  analy.<ier,  and  let  on« 
of  thom  be  turned  till  tho  light  in  extinguished.  Then,  as  long  aa 
DO  current  is  passed  round  the  cloctro-magnet,  the  interposition  of 
th«  boavy-glass  will  produce  no  oflbct;  but  the  pasxiug  of  a  eurrunl 
wbilo  the  heavy-glai«  it  in  ita  place  between  tJie  pol«,  produooa 
rotation  of  tlte  plane  of  polarization  in  the  some  direction  as  that  in 
which  tho  current  circulateA.  The  oinoiint  of  rotation  is  diroctly  as 
tbo  strength  of  current,  ami  diroctly  as  tlie  length  of  lieavy-gloaa 
tiavcnod  by  tt>e  light  Flint-glass  gives  about  Itolf  the  efl'ect  of 
heavy -glosx,  and  all  transparent  )iolid.i  and  liquids  exhibit  an  eflect 
of  tiio  saiiiQ  kind  in  a  mora  or  less  marked  degree. 

A  stoel  ntagnel.  if  extremely  powerful,  may  be  usvd  instvad  of  an 
eloelro-mngnut ;  and  in  all  comsi,  to  give  tho  stroogesi  effect,  tho 
lines  of  magnetic  Corco  should  coinddt  with  tho  dLrwUoo  of  tbo 
transmitted  ruy. 

Faraday  re^irded  these  pI>enomena  aa  proving  tht  direct  action 
of  niagDOtism  upon  light;  but  it  is  now  more  commonly  believed 
that  tiie  <iirect  effect  of  tho  magnetism  is  to  put  tho  particles  of  tho 
traiutiurent  body  in  a  peculiar  state  of  etfain,  to  which  tl>o  observed 
optical  otfect  is  due. 

In  every  case  tried  by  Faratlay,  tlie  dirovtion  of  the  rotation  was 
the  same  OS  the  dirooUon  in  which  the  current  cireulstctl;  but  cer- 
tain substancoi'  have  since  bc«n  found  which  give  rotation  agalml 
tho  current  The  law  for  tlio  relative  amount*  of  rotation  of  (tiflisr- 
eol  coloun  it  approximately  tlte  same  as  In  tlie  case  of  quarts. 


'  On*  ■atk  wibit—aa  la  >  MlutLw  W  F^  CV  (olil  MitaUM)  tn  n«Ui}lla  (not  metiiyUUl) 
•loAol 
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The  direction  of  rotation  it  vriih  watdi-liands  aa  s«en  from  one  ena 
of  tlie  armngcmeat,  and  against  watch-bands  aa  seen  from  the  otiitfr, 
BO  that  tiic  Mtmo  pieoe  of  gU«s,  in  Uio  soma  circoiDstaacee,  behavm 
like  right-haniled  quarts  to  light  cnU:riii;|  it  at  one  end,  and  Ufco 
left-handed  quartz  to  light  entering  it  at  Uie  other 

llie  roUtory  power  of  quartz  and  sugar  appears  to  depend  upon  a 
certain  UEisj-mmetrical  arrangement  of  their  molecules,  an  arrange- 
muDt  somewhat  analogous  to  the  thread  of  a  screw;  right-haoded 
and  left-handed  screws  representing  the  two  opposite  rotatory 
powurs.  It  18  worthy  of  note  that  tlto  two  kinds  of  quarU  crystalltce 
in  ditFcrent  forms,  each  of  which  It  uiMyinuiatrical,  one  being  like 
the  image  of  the  other  as  seen  in  a  looking-glasa.  Poitteur  bu  ooo. 
ducted  exti«me]y  interesting  researcbeB  into  the  relations  existing 
between  sulntaaces  which,  while  in  other  respects  identical  or  nearly 
identicul,  ditfor  as  roganU  their  power  of  prodniang  rotation.  For 
the  results  we  must  refer  to  treatitea  on  ebemutr}'. 

l>r.  Kerr  haa  recently  obtained  rotation  of  the  plane  of  polarixM> 
tion  by  reflection  from  intensely  magnetized  iron.  In  some  of  the 
experiments  the  direction  of  magnetization  was  normal,  and  in  utben 
parallel  to  the  rodccting  surface. 

1114.  Ciroalar  PolariMtion.  Frerael'i  Rhomb. — We  have  explaiDwl 
in  §  1 108  tiie  process  by  which  elliptic  i>oUrization  t3  brought  afaoot, 
when  plane- polarized  light  is  transmitted  through  a  tliin  plate  uf 
selenite.  To  obtain  circular  polarization  (which  ta  merely  a  osae  of 
elliptic),  the  plate  must  be  of  such  tbickneea  as  to  retard  one  ooto- 
ponent  more  than  tlio  other  by  a  quarter  o/  a  wave-l&ngih.  and  nnut 
be  laid  so  tlittt  the  directions  of  the  two  component  vibtmliona  amk« 
angles  of  4.5°  wiUi  the  plane  of  polarisation.  Platen  apodally  pn- 
pared  for  tbia  purpose  are  in  general  use,  and  are  called  ifuarler' 
waw  pUUea.  They  are  usually  of  mica,  which  ditfors  but  little  in  it* 
properties  from  selunite.  It  is  impossible,  however,  in  this  way  to 
obtain  complete  drculor  polarization  of  ordinary  white  light,  sine* 
diffierent  thicknesses  are  required  for  light  of  difTereai  irava-lengUM. 
the  thickneas  which  is  appropriate  for  violet  being  too  amall  tot 
red. 

Fresnet  discovered  that  pUne-polarizod  light  is  ellipticsUy  polar 
ized  by  tolal  iTitemal  reflection  in  ghun,  whenever  the  pluo  ti 
polarization  of  the  incident  light  Is  inclined  to  the  piano  of  iart- 
<Jencu.  The  rectilinear  vibrations  of  Die  incident  light  are  in  Ua 
resolved  into  two  oonijionents,  one  of  thora  in.  and  lliu  other  pa> 
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pcndiciilar  to,  the  plane  of  inciilonce;  and  one  of  tlicso  is  retordeJ 

Willi  rcMpoct  to  tho  uUior  in  tlie  act  of  rotlvction,  by  an  atuount  <Io- 

p«nclmg  on  the  anglo  of  inciilcnce.    IIo  deLermtood  tlte  nugnitudu 

of  tliis  an^lc  for  which  tlie  nMaTiUtion  ix  procisi-ly  {  of  a  wavo-lcngtli ; 

and  coiutruct«d  a  rhomb,  or  oblique  pamllclopipod 

of  glnss  (Fig.  782),  in  which  a  ray,  enU'ring  Dortoally 

at  ona  aad,  undergoes  two  successive  reHMrtionii  at 

thb  angle  (about  53°),  thu  pkiwj  of  reflection  being 

the  sauie  in  both.      Tho  bttal   retardation  oC  one 

component  on  the  other  is  thus  J  of  a  wavc-lcngtli; 

and  if  the  rhomb  is  in  eucfa  a  position  that  the 

ptajte  in  which  tho  two  reflections  take  place  ia  at 

•o  allele  of  4^*  Lo  tlie  piano  of  poIariuLivn  of  tlio 

incident    li^ht,   Uie  emergent    light    Li  circularly 

polarized.    Tiio  cjt'ect  docs  not  vaiy  much  with  tlie 

wavo-k-ngtlt,  and  scnaibly  white  circularly  polarized 

light  ran  accot<lin-;ly  be  obtained  by  this  method. 

Wlien  circularly  polarized  li;;ht  b  ti-onsmiltod 
through  a  Freeuiela  rhomb,  or  throiijch  a  qoarter- 
wa%'o  plate,  it  Lccomcs  planc-polarlxcd,  and  wo 
have  thus  a  simpio  ino<Io  of  dintinguixhiiig  circularly  poUrixed 
light  from  eommoa  light;  for  the  lattiT  does  not  become  polarised 
when  tlios  treated.  Two  qitailer-wavo  plates,  or  two  Frosnel's 
rhonilw,  may  be  combined  uillier  so  as  to  axsisl  or  to  oppose  on* 
anotlior.  By  tlia  funiior  arrangement,  which  la  reprasonted  in  Fig. 
7&S,  wo  can  convert  planc-p'larlzed  light  into  liglit  polarijuxl  in  a 
pcrji''iidiculur  plane,  the  final  result  buing  tiiurdfore  the  same  aa  if 
the  plane  of  polarization  liad  been  rotated  through  90*.  The  several 
st«]«  of  the  process  are  illustratod  by  the  Ave  diagrams  of  Fig.  783, 


r%  na 
Tos  riiMHl'*  UMwta 


[^ 


ng  na-rofM«l  Vlto«Un*M  Wi»litn  am  ttlMnU, 

which  rcprfsi-nl  tho  vil)rationsof  tho  Ave  portions  AC,  CD,  Dtlit/CiCa 
of  tlto  ray  which  tnvenna  tlie  two  rhombs  in  tho  pmeoding  figum 
Tho  sides  of  the  squarB  are  parallel  (o  the  dlrecUom  of  naolnlioo; 
tho  initial  directiuu  of  vibration  li  ono  diagonal  of  the  square,  and 
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the  final  dirwtion  is  tbo  otlior  ilin^oual ;  a  gam  or  loss  of  half  a  cont- 
pk-to  vibiation  uii  the  p«rC  of  eiliier  compoiiuiit  being  jiu>i  sufEciviit 
to  etrecl  Uii»  cbange. 

1115.  Direction  or  Vibration  or  Plane-polarized  Light. — *rii<>  ftiutv  of 
polarization  of  plane-polarized  light  may  be  defined  aa  tJie  ptaitp  in 
which  it  in  most  copiously  rcflM^tod.  It  is  perpendicular  to  tbe  plaii« 
in  which  the  light  rcftiitcs  to  be  rcfli-ctiMl  (at  the  polarizini;  angle); 
and  is  identical  with  the  original  plane  of  rcfledton,  if  the  pulsria- 
tion  was  proiluccd  by  reflection.  Tliis  dclinittoD  is  aomewliat  nrU- 
tntry,  but  hoA  been  adopted  by  universal  consent. 

WhcQ  lifjht  is  polAriz4.-d  by  the  double  ri<rniction  of  Ioctand-«p«r, 
or  of  any  other  uniaxal  crystal,  it  is  found  tlint  the  plane  of  polarin- 
tion  of  the  ordinary  ray  is  the  plane  wliich  contains  the  axis  of  ths 
crystal.  But  the  di.5tinctivc  properties  of  ths  ordinary  lay  an  BMwt 
mitiirally  explained  b}'  suppi^sing  that  it«  vibrations  are  pttrpMiiJi* 
oular  to  tlie  axis.  Hence  we  conclude  tliat  tlie  dii-ection  of  vtWatiun 
in  plane-pol&rized  light  is  nomial  to  the  HO-callcd  plane  of  polariia- 
tion,  and  therefore  that,  In  polarization  by  reilcuLion,  the  vtliratiou 
of  the  reflected  light  are  parallel  to  the  reHecttng  surface. 

"i'lua  is  Frcsnel's  doctrine.  MaeCulla;.;h,  however,  rcvern-d 
hypotheaiii,  and  inaintaini'xl  that  the  direction  of  vibration  is  r»  tlw 
plane  oE  polarization.  Both  theories  have  been  ably  expounded;  hat 
Stokes  contrived  a  crucial  experiment  in  difriaelion,  which  c^nl^mud 
FreKnel's  view;'  and  in  his  classical  paper  on  "  Change  of  Itcfmngi- 
bility,"  ho  has  deduced  the  saine  concIuAioi)  from  a  oonsideratioa  uf 
the  phenomena  of  tlie  polarization  of  light  by  reflection  from  axM»- 
fiively  fine  particles  of  solid  matter  in  suspension  in  a  liquid.* 

1116.  Vibrations  of  Ordinary  Light. — Ordinary  light  agrees  wttlh 
circularly  polarized  light  in  alwaj-s  yielding  two  beams  of  eqoiJ 
InteaMty  wh<.'ii  subjected  to  double  refraction;  but  it  ditfcn  tron 
circularly  polarized  light  in  not  1>ceoniing  plane-poUiriTis]  by  |nu»- 
niis^iun  through  a  FrvHiiel's  rhomb  or  &  tjuarter-wave  plate.  What. 
then  can  l>e  tlie  funii  of  vibrntiun  for  common  light/  It  is  prolttUy 
vety  irregular,  eont<i«ting  of  ellip8C«  of  vario^is  sizca.  pOMitigns,  aai) 
foriuv  (iiieliiiling  circKa  and  »ti:ai^'ht  lines),  rapidly  sueci-oiiing  on* 
aridihirr.  By  this  irregularity  wo  can  aecount  for  che  fact  that 
beams  of  light  from  dillerctit  Kouroes  {even  from  difTeroDt  point*  of 
the  BoiJio  (Iniuo,  or  from  ditfercut  parte  of  the  son's  disc),  cannot,  Ij 

■  Camliriiiji  Tra'-nllont.     ISCQ, 

•  miM^,  Mail  lU^uai^nt,  IK''!;  If  W.  »!• 
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ly  tre&tment  whatever,  be  made  to  exhibit  the  phenomemi  oE 

lutual  iiiter{er«:noei  and  for  the  addition&l  fact  that  the  two  rect- 

ilar  components  into  which  a  beam  of  common  light  ia  tosoItimI 

douUe  refraction,  cannot  be  made  to  interfere,  even  if  their 

of  poUrtzatioQ  are  brought  into  oolocidcnce  hy  one  of  tbe 

•ds  of  rotation  above  d4»cribod, 

Certain  phenomena  of  int«rforenoo  ahow  that  a  few  hundred  con- 

ecutive  vibrations  of  common  light  may  be  regarded  as  similar;  but 

the  number  of  vibrations  in  a  second  ia  about  £00  millions  of 

,  there  ia  ample  room  for  excessive  diversity  during  Uie  tinui 

>  one  impression  remains  upon  the  retina. 

1117.  Polarisation  of  Radiant  Heat. — The  fundamental  identity  of 

it  heat  and    light  is  confirmed    by  thermal  ex[)eriment«  ou 

ilarizaUon.    Such  experiments  were  first  sucoessfully  performed  b^ 

rorboe  in  1634,  shortly  after  Uelloni'a  invention  of  the  thermo- 

lulliplicr.     Ho  first  proved  thv  polari/jiUon  of  heat  by  tourmaline; 

ct  by  Inuismiiuuon  through  a  bundlo  of  very  tliin  mica  plates, 

lined  to  the  transmitted  rays;  and  aftarwurds  by  reflection  from 

be  multiplied  surfaces  of  a  pile  of  tliin  mica  plates  placed  at  the 

alariiung  angle.   He  next  anoceoded  in  showing  that  polarized  heat, 

ren  when  quite  obecure,  is  subject  to  the  same  modificotiaiu  whidi 

oubly  refracting  crystallized  bodies  impress  upon  light>  by  aufliering 

;  beam  of  heat,  afti.T  being  polarized  by  tranfimisiuon,  to  pass  through 

I  int(.Tpo!tc<)  ploto  of  mica,  serving  the  ptiq>oisc  of  the  pUt«  of  selenit* 

I  the  experiment  of  J^  1 107,  the  heat  traversing  a  second  ntica  bundle 

sforu  it  watt  rocvivud  on  the  tlienoo-pilc.    Aa  the  interposed  plate 

turned  round  in  iU  own  plane,  tlm  amount  ol  beat  shown  by  the 

Ivuwmeter  waa  found  to  fluctuate  just  aa  tb«  amount  of  light 

ived  by  the  eye  under  simitar  circumstances  would  have  done, 

[e  also  tmooeeded  in  producing  circular  polarization  of  htsat  by  a 

el's  rhomb  of  rock-salt    These  results  hare  since  been  fully 

iflrmed  by  the  experiments  of  other  nleerrers. 


EXAMPLES 


ACOUSTICS. 


FxlUOD,  WAVK<LR3IOni,  JDTD  TSLOCTTT. 

1.  If  on  Diiilulfttioii  mrel*  at  the  nte  ot  UK)  ft.  per  aocood,  uid  ll 
laogtli  IB  3  fU,  And  Ui«  potiod  of  vibntton  otitiMrticlo,  and  tb«  nuinbtf  • 
tloma  vUioh  t.  portiolu  nin\.as  jwr  »ecoii<l. 

2.  It  ii  i>liMTT«d  thnt  warea  jmub  a  (pren  point  odo*  iu  vvwry  5  w^wf^  •*( 
that  tlie  diaUnca  from  crmt  to  craet  ta  SO  ft.  Find  tlie  Tolodty  'J  Um  wan*  ii 
f«ot  per  accotid. 

3.  Th«  bvnt  and  hi^cM  nou»  of  tho  tionniU  hnmiui  roioe  b»*«  about  80  tarf 
800  Tibntiooa  rwpeeUvelj  per  aeoomL  Fiiid  tbeir  vave-Uagtha  wbaa  Ifca  nfe 
«^of  aoand  b  tlOOft  peraMomd. 

4.  Flud  Uiair  wav»-longtlw  in  wNU^r  in  whieli  Uie  wlodtj  of  aound  ia  49itt  (ni 
])er  aocond. 

r>.  Kind  tho  w«rc-leiigtfa  of  a  note  of  000  vibfHtioiia  par  aeoond  in  atad  » 
wbioh  Uie  velocity  of  propagation  ia  l&,MXt  (L  per  a««oi»d. 


Pitch  airo  Mostcu  IxTnv&Ls, 


6.  Show  tbkt  *  "fifth"  added  to  a  "foujtli"  makm  ut  octave 

7.  Udliiig  the  auoaeeuvo  uolea  of  the  guint  Doi,  IU,,  U  i„  Pa„  8^  U^  h, 
Do«  ahow  tliAt  Ibe  iiitoml  from  Soli  to  Ba,  i«  a  tnie  "fiftJL' 

6.  Find  tbe  (Irnt  5  hArtnooic*  of  l>Ot. 

9.  A  lintD  of  16  kolea  nalcea  Stlt^  r«volatioB«  tn  >  minuto  wWn  b  unu 
with  a  nitnin  luniag-fork.  Find  tbo  aumlMT  of  vibraiioua  per  aaoeoil  ^idi  If 
the  fork. 

10.  A  atran  of  1ft  hola*  Bi&kes  -MO  Rroluliona  ia  a  quartar  of  a  niliiaia  wta 
In  uni«on  witli  a  Mrtein  |ripa.  Find  tlie  note  of  tbe  pip«  (in  riliruioM  ft 
aaixwd). 

Rktukthoii  or  Sooxv,  a»o  Tovu  or  Picbk. 

11.  Find  tbe  di«t«noe  of  ao  obalAcJe  which  aeoda  back  tk«  Mboof  kM^k 
tlieMurce  in  Ij^  secood*,«licn  the  vdImxIj  of  Mund  ia  IIUO  ft.  pm- ««oc^ 

12.  A  well  i«  !tlO  ft.  deep  to  the  aorfaoa  of  Iha  water.  What  tisw  wiS  ^ 
betwoea  psodncinx  a  aound  at  iu  mouth  and  bearing  the  rebo  I 

It.  What  ia  tii«  wave-Ien^i  of  tbt  huidamoDtaJ  not*  ai  «a  opoa  wpH^P 
IS  ft.  long ;  imd  what  ar«  the  WKve-lengtha  of  ila  Ural  two  ormtaamt  fW  ^ 
thajr  ribration-Dumberi  per  Mcood. 

14  What  ia  th»  vav^tnigtb  of  the  fiinilamonlal  ton*  of  m  Mofftd  mytt  ff 
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ft  ft  lengi  tad  »hit  an  Ui*  wsTftJemtlui  of  iU  fint  two  orertosMl  Find  «Im 
iMr  vfbnUoa-BWobara  per  Mcood. 

IS.  Wkat  duMiM  be  tlie  length  of  a  tube  slopped  at  one  esd  tlwt  It  nay 
naennd  to  Iha  not*  <rt »  tuniiig-fgik  which  umIm  DM  ribntKna  per  •ooomI  ;  and 
wbaX  abooU  b«  tb*  length  of  a  tube  open  at  both  sada  tliat  it  majr  rcMuad  to  Iba 
•aiM  foffc.  [Tbo  tubca  ara  mppoaed  nanvw,  and  the  ■aiallwt  lengtli  that  wiO 
Mffiee  U  Lnteikdod.] 

10.  Would  tabea  twiee  aa  long  aa  tboae  found  in  loat  qmatloD  naound  U>  tfaa 
(orkl    Wovid  tubaa  Umo  timea  aa  loiifl 


BxiTa. 


How 


i 


17.  Om  fork  makoa  Z&O  vibrationa  par  Mcood,  and  uiolbor  umIcm  SOO. 
Baay  benta  will  thej'  giv«  in  a  aecond  whep  loundtog  togctbert 

IS.  Two  Kiuadi,  t*cli  cooawtitij;  ut  a  fundamental  tone  with  ita  Gnrt  two  har> 
noaki,  rca<li  the  aar  togathar.  Om  of  IIm  foDdaBiaBtal  toaaa  haa  300  and  the 
Mliar  303  vibtatfam  par  aeeend.  How  nanjr  boala  par  aeooud  are  due  to  the 
fnodaiaeDtal  toooi^  bow  many  to  the  finrt  banaonka,  and  how  manj  to  Iba 
Mooad  hamxiiiieaT 

18.  A  MCe  of  S2S  *ibratIoM  per  aeeoud,  idJ  luiotber  ef  33S  *ihrattana  per 
aaeoBd,  at*  aouudod  together.  Eacb  of  Uic  two  notoa  ooDtaina  the  tint  two  bar- 
nooka  of  ibD  fuoiUtu«ut&l.  Show  (hat  two  of  the  hannotika  will  jidd  bcttta  at 
the  nte  of  3  per  aeoood. 

VxLooirr  or  Sooxd  w  Qau& 

50.  If  the  volodt;  of  aound  in  air  at  0*  C  b  S3,S«0  cn.  per  aaeoiid,  find  it* 
nJocitjr  in  air  at  10*  C,  and  in  air  at  IW  C. 

51.  If  the  velocity  of  aowd  In  atr  at  0*  a  la  1O0D  H.  per  eeoeod,  what  ia  the 
vdocitj*  in  air  at  10*1 

sa.  Show  tlHt  (he  diHueiHe  of  T«lod^  tor  1*  of  dUEtrsooe  of  teapantDn  b 
the  fUueaheit  aeale  le  abo<U  1  ft  per  aeoond. 

S3.  If  the  ware-leogtb  of  a  certain  note  be  1  nurtre  is  air  at  <r,  what  it  it  In 
au-  at  W> 

tL  The  denaitr  of  hjdrogan  being  DSDM  of  that  of  air  at  the  mmu  pnmmr 
and  tempanture,  find  the  valocil;  of  eoBBd  in  bjdngui  at  a  iMuperatore  at  whidi 
the  veioeilj  in  air  i*  1100  ft  per  teooDd. 

K.  Tbe  qnotient  of  preaure  (in  djnoa  per  a<].  cm.)  br  denailjr  (in  gn.  per  mfalc 
cm.)  fur  nitrogMi  at  <r  C.  ia  607  million.  Oompule  (In  oil  [wr  acKond)  the  velocity 
at  aoonil  In  iilt«t)gen  at  Ihie  teaperature. 

28.  If  a  pipe  givaa  a  note  of  M3  vibration*  jier  eeooad  In  air,  what  note  wtU 
itgivelabTdngenl 

S7.  A  pipe  givoe  a  nolo  <J  lOO  rDmlleM  per  aeeond  at  tlie  tempenlure  10^  C 
Vbat  iDnet  !»  the  lempemlure  of  ibe  air  that  tlie  anie  pipe  Baaj  jUi  a  note 
Ugher  bj  a  oujor  fifth) 


VtHUTion  or  Stmtmfc 


SB.  Find,  in  em.  jier  aeootid,  the  vebdt/  with  whldi  puliea  trarel  aloog  n 
atring  wheae  nam  per  on.  of  leBflb  i»  -OM  ga.,  when  Mratdied  with  a  focco  ef 
7  mlQion  djniM. 

ne 
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SO.  If  the  length  of  Ifao  ttring  in  la*t  qiHstaon  be  33  em.,  &nd  the  namha  tf 
▼ibntions  that  it  mali«  p«r  Mcon«l  when  Tibntiiig  ia  ita  fiu>dMn«Btel  mair,  th« 
tlie  Dumbcn  oorreapondinii  to  it*  fini  two  orcrtaae^ 

M.  The  A  string  of  a  violin  is  33  ctn.  long,  hu  «  nwM  «(  '00S6  gnk  ]>«  ^ 
uid  malHe  440  ribratJoiu  per  MOond.    Find  the  aircifhiug  forev  in  Ajm*. 

31.  The  E  atriiig  of  a  ndin  m  33  cm.  long^  hi*  >  mum  of  -004  gm.  ptr  cbi,i«< 
uakM  CGO  ritintioQs  per  eecood.    Find  the  atratching  ton*  in  <l7aei^ 

33.  Two  alringi  of  the  Mine  length  and  MCtioo  are  formed  of  material*  «hw 
qwdflc  gntvitiea  «n  mptdivdjr  d  and  <f-  Each  of  thoM  aUiaga  ia  etntdiAl  witt 
a  weight  equal  to  1000  timea  its  own  weight.  What  b  the  tuntical  tnli 
betwrcn  the  not**  which  thoj'  will  vieldl 

33.  The  specific  gnritj  cJ  platinnm  Imng  taken  as  S2,ai)d  that  of  iron  a*  1 
what  must  be  the  ratio  of  tlie  lengths  of  two  wing;  ojie  ol  platinuto  and  the « 
of  troQi  both  of  the  some  toction,  that  thtj  maj  ribrate  in  unlaoo  when  i 
with  equal  fosccat 

LoaoiTC&UfAt.  VtBn^noxB  or  Uoixi. 

3.L  IfnoundtrarelnalongfirinthedirMt'ODof  Ihefibmsat  therateof  15^1 
pot  accood,  what  muaC  bo  the  Unxth  of  a  fir  rod  that,  wltcn  fibratu^  1*1^' 
tudinall/  in  it«  fuudaauolal  mode,  it  may  emit  a  note  of  7fiO  rtbatkafv 
aecondl 

3S.  A  rod  eft.  long,  vibrating  loRgitadinalljr  in  Ita  f  uudamental  BodMta' 
note  of  SOO  vtbnitiODS  perteoond.  Find  the  velocity  with  wbi<^  piU«aMi|» 
pagated  along  it. 


EXAMPLES   IN   OPTICS. 


PsoToicerftr,  Sbasows,  amd  Plaxi  Mtaifna 

98.  A  lamp  and  a  taper  are  at  a  distance  of  4'ID  m.  frotn  eadt  etbar;  taltJ 
ii  known  that  th«ir  itlumianting  powora  are ■•  8  to  L   At  what  dwtaBce li« < 
lamp,  ill  the  straight  line  joiulug  the  daiuei^  niMt  a  acreca  be  pta«ad  tfctf  li 
be  equallj  illuminated  bj  them  both? 

37.  Two  panUlel  plane  minon  taoe  eadi  other  at  «  diKtanea  ol  th,at\ 
small  object  is  placed  between  them  at  a  dJManoe  of  1  ft.  &otn  the  finl  M*J 
and  therefore  of  S  ft.  from  the  etcond.  Calculate  the  dIatanoH,  fatn  lb  *| 
niirror,  of  tlie  three  nearest  images  which  are  seen  ia  itj  «im1  make  a  ^b^*! 
culatija  for  the  aeooud  minor. 

:^  i.  Shnw  that  a  pereon  itanding  nprigfat  ia  ^nt  of  a  wtt^al  fk 
will  Just  be  able  to  see  his  frrl  iu  it,  if  tlie  topof  tli«  uirror  iaonabrri**' 
^jree^  and  its  height  Inm  top  lo  bottom  ia  half  the  hei{[ht  o(  hM .l,4^' 
feeL 

3ft,  A  aqnara  plane  mirror  hanga  axactlj  is  the  centre  of  mm  ^ifee^ 
oubioal  roota.    What  most  be  the  aise  el  the  inirrwr  that  «■  oiamW* 
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071  Mu>Ptl7  in  th«  Mntre  of  Uie  room  nay  Jittt  U  M»  to  too  Um  wboto  «f  Uw 
oppcaito  wall  nllwUii  in  it  ox(«|>t  Uw  part  eoDOMlal  b;  hi*  body  I 

40.  Two  plane  uirron  eonUin  an  aa^a  of  IW,  uid  form  hoagaa  of  «  umaU 
otiject  bctwo«D  thein.  Show  Uial  if  the  object  be  witluti  90''  of  ritlur  inirroi' 
Ibnrt  wiU  bo  tbm  Imagoa ;  and  tlut  if  it  bo  more  tbui  20*  frooi  both,  then  will 
be  onif  two. 

41.  Sbow  that  when  Uie  Ran  ia  ahining  obliquely  on  a  plane  mimr,  an  object 
diraeUj  in  froot  of  Ui«  mijTor  maj  give  two  iihwlowii,  bwdea  tbo  dit*et  ahadow. 

43.  A  [lenoa  aUnding  beakle  a  rtrer  near  a  biiilj,-e  obaerraa  tliat  the  iarerted 
lauco  of  the  eoncanty  of  tli«  arch  raeeirea  bt*  aluMkiw  esaollj  aa  a  rwl  iaiwUd 
arch  would  do  U  it  were  ia  the  plac*  wbcm  the  ina^  iftfiMn  (o  bo,  Sxplala 
tl<ia- 

43.  If  a  globe  bo  plaood  ttpoo  a  taUe,  iliow  that  thn  limadili  ol  the  eUipUe 
shadow  out  bjp  a  eandle  (oouaidered  •■  a  luminoaa  point)  wiU  be  iadcpeadeat  ot 
ihe  powtioB  of  tlio  globes 

44.  What  ia  Uie  length  of  the  cone  of  Uie  tnabra  llirown  by  tlie  eartlit  aad 
rbal  ia  the  dianeUr  of  a  cra«  aeelioa  of  it  made  at  a  diataoee  equal  to  that  et 

imooal 

The  ndiiu  of  the  nui  ia  llSndUof  the  earth;  the  dMaaee  of  the  nioen  froni 

I  miih  if  00  radii  of  the  tiuih ;  and  Dm  diatanoe  of  the  iun  from  the  earth  ia 

I  imdii  of  the  eartli.  AtmM|ib«rj<;  rvfnurtjon  l*  to  he  M^ecled. 
4fi.  The  atcm  of  a  airea  oarrie*  a  plane  niirrcir.tliiii,  poUAed  on  boUiakle«,aMl 
lltti  to  the  ui>  ot  the  wtm.  The  eiren  gina  a  aote  of  34a  vibratioM  per 
Dd.  The  rerolTipg  plale  haa  1ft  bolea,  A  bed  aource  of  ligbt  atndt  to  the 
■  a  horiioatal  poseil  of  parallel  nya.  What  apaea  b  ttavenad  in  a  aoooikd 
.  point  of  the  reflected  pencil  at  a  daitance  of  4  metnia  fna  the  axia  of  the 
it    Hiia  axia  ia  anppcaed  rertlaaL 


SriitaicaL  Umnoai. 

46.  Tinil  the  focal  length  of  a  eoncavo  mirror  wbuw  tadiua  ol  enmtitn  ia 
I  (t.,  and  And  the  poaltloti  of  the  iiuage  (a)  of  a  point  la  in.  ia  front  of  Ih*  mirror; 

a  point  10  fL  in  front  of  the  mirror;  <c)  of  a  point  9  In.  in  front  of  the 
t;  fit)  ot  %  point  I  ia.  in  front  of  the  mirror. 

47.  tJklling  the  diainutirr  of  tlie  ob)eet  unity,  Snd  Ibe  dtanietcn  of  (he  image 
I  the  four  |v«ceding  caaee. 

48.  The  HaiBe  of  •  caadls  ia  plaoed  on  the  aib  of  a  ooneavo  qilMricml  mimr 
ttbedtatanoeof  IMem-.aad  itolnia(eiefonaedatthedli(aii«actf  tteak  Whal 
I  the  ndina  of  onrTatare  of  tlie  nirrort 

On  the  ask  of  a  concan  «|iherioal  mirror  of  I  m.  lading  aa  obfoei  8  on. 
I  is  placed  at  a  dialanea  of  8  m.    Find  the  aiae  aad  pcaitioB  of  the  imaita. 

Wliat  ia  the  (du  of  the  drcular  ioie^te  of  the  aun  which  ia  fonnnd  nt  (hn 
dpal  toena  of  a  mirror  of  Ki  n.  radiiiaf  The  a|>par«at  diameter  of  the  ana 
iStf. 
tt  In  front  of  a  niKave  apherloal  mImr  of  S  metraa*  nuUna  b  |iland  a  eon- 
I  iBBiaona  arrvw,  1  d««iiMtra  long,  parpoidicular  to  the  priudpal  aaii^  aad  at 
I  dlatuiM  ')f  A  metna  from  the  mirror.  What  are  the  poalUon  and  bIm  of  Ihe 
pr  Inuifel  A  uuall  plane  roAeotoria  then  placed  at  the  prindpal  focue  of  the  epberkal 
I  Birror.  at  au  iDollnatlon  ef  4a*  to  the  principal  axia,  ita  polkhed  atile  beiuA  neat 
^|ha  mirror.    What  will  ba  the  new  poaition  of  the  tm^fel 
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BsniAOTiox. 

^Tbo  indai  e(  refnoUon  at  gUm  ic  la  b«  takm  u  },  axeapt  •baiw  atttraiw  ipMttiA,  mA 
tb*  tBdax  «f  i«fnotk«  of  irklar  at  |). 

65.  TIio  riitt  of  45*  u  </^  or  -707  Doitrlf.  Hanoo,  dftoimiti*  vb«UMr  k  t»j 
iaelAtat  in  «&t«r  at  an  anglu  uf  46'  witli  tUe  tirlmeo  wilt  emerge  or  will  b* 
reHcctcil ;  nad  dctenoma  thn  nnn  (|ii«irtMii  for  a  nij'  in  gI«M. 

fi3.  If  Ui«  index  of  refradJoo  froia  air  Into  rrotra-gtaaB  be  1 ),  nnil  froa  ali 
into  fliat-glnm  I),  find  the  index  of  ninctMn  from  erown-^iai  into  flint-gbv. 

04.  The  iti(l«z  of  rvAracUoB  from  wnttr  iota  oil  i>f  tar|i«atlna  is  1*11 ;  &Bdifa> 
ind«i  of  nfractlou  from  air  Into  oil  o(  tiupentiiM. 

filk.  The  index  of  r«fnction  foraoertain  Rbw*  |iTiini  ia  I'll,  aud  Um  aa|k<' 
the  priaiD  ia  Kf.  Find  appoosinatcl;  the  donation  of  a  n;  refrmctml  tlinngh  il 
iienily  Kj-mmetriciUly, 

C6.  A  ray  of  liKht  falli  [icrpendicularijr  om  thn  •nrfnee  at  an  vqiUlatenJ  pi* 
of  ginaa  with  a  refracting  angle  of  00*.  What  will  be  tbo  d«vlMioa  prodoad  ^ 
Iho  priam?    Index  ot  ivfractioD  of  glaw  l'&. 

&7.  A  (peck  ill  tho  interior  of  a  paot  of  |tUl»>|0aiB  appam  la  an  obMia 
lookiog  nornmlly  into  the  glaaa  to  be  3  nm.  Ircm  Um  a«ar  aurfaee.  MTIul  ti  • 
nald^laueel 

M.  Tbe  mya  of  a  Tertlctil  aun  an  brought  to  a  foeva  bj  ft  lea*  at  a  dktaca  tl 
I  [l  from  tho  Imi*.  If  tli«  lona  it  held  jut  abore  a  amooth  and  d«ep  pool  at  «Me 
at  wliat  depth  iu  tlie  irat«r  will  the  rajra  cotue  to  a  fbcDs  T 

W.  A  man  of  ghua  ia  bounded  by  a  convex  Riifiior,  and  parallel  raja  ImM 
iiearljr  nonnaUj  on  this  anrfiuw  come  to  a  foona  in  i)i«  interior  uf  tb«  gliat 
dictance  a.    Find  tho  toad  length  of  a  plaBO-ronvox  l«n«  of  the  auue  owi* 
■uppoalng  (he  rays  to  be  inndent  on  the  ooBvei  iii<l«^ 

60l  Show  that  the  deviation  of  aray  going  through  an  ntr-priao  ianfl 
towardN  tlie  edge  of  the  prinu. 

LKXau,  ftc 

61.  Compare  the  food  lengtha  of  two  leuBOB  ol  the  mnae  anw  aad 
of  glaM  and  the  oth«r  of  diaoioiNl,  their  indieea  of  rafractiou  being 
1-8  and  2-0. 

0:2.  If  the  tnd«x  of  refimotion  of  gUaa  be  |,  abow  that  the  focal  l^ftrf< 
eqai-ooiivex  glaaa  lona  k  tho  mim  aa  tbo  mdioa  of  currature  of  eUi^  | 

C3.  The  fooal  length  of  a  oohtox  leoa  ia  1  ft.    Pind  tbe  poaitiai»  ef  i 
of  a  nnall  object  when  the  iliiilanoea  of  tbe  objett  from  tbe  luia  are  i 
SOftq  Sft.,  and  1}  ft.     Am  tho  iaiaf^rMl  or  nitoall 

04.  When  the  diataucoaoftlie  object  tram  tbe  Ima  in  last  qiuatkau*' 
lively  1 1  in.,  10  in.,  and  I  in.,  find  the  diitaaota  of  tb«  iiaa^fa.     Am 
real  or  virlualt 

f-i.  Chlling  tho  diameter  of  tbe  object  uni^,  find  tli«  .ItM...*^  f|  )^) 
ts  the  six  caaei  of  queetioua  63,  64,  taken  in  order. 

66.  Show  tliat,  whm  tbe  dieUinoe  of  an  object  from  a  eauvm  Im  >" 
the  focal  length,  the  Image  ia  at  the  mhm  dntaaoe  on  tlie  othar  ddc 

67.  The  object  ii6ft.on  o<ie  aide  of  a  lerw,  and  tbo  iraaga  ia  i  fti 
iw3ft.    What  te  tbe  food  longtli  of  the  Jon*  I 
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Tlia  i>1tj«ct  M  A  in.  fruoi  »  leo>,  and  il>  iiu*gi)  b  IS  in.  from  the  Imu  ou  Um 
I  lidc.     In  tlio  )«iM  coortx  or  imuubto,  ui'l  wlu't  is  it«  fiioal  leuffUil 
6B.  Um  ebj«el  i«  IS  tL  tntu  &  leti*,  aimI  ilie  luuge  1  ft.  (nxu  Uw  Ufii  ott  Um 
mnM  fUoL    Find  the  fookl  Un^-tli,  nnd  dotcnuitii.'  wkirtlivr  ttie  leM  b  ooaTOC  or 

OOBCBVi, 

To.  A  |>«nciii  who  •««■  btal  U  Um  (livUnce  of  3  ft,  «in]do]ra  oodt«z  Bpwtadca 
vtUi  «  fookl  lenglli  of  I  fL    Al  wluU  UiateoM  BboaU  ba  lioU  »  book,  to  r«Ml  it 

•viUi  lb*  aid  of  Umm  ifwctaoliBt 
71.  A  penoB  rewla  a  book  at  tbo  diatanoa  of  I  fk  wiUt  ibe  aid  of  oonotve 
■ptctaelw  of  6  in.  focal  ImgUi.    At  what  dictMico  ia  tbo  iiBa([«  which  b«  aoeal 

7S.  A  pencil  of  innllal  nji  fall  itpoa  a  tplitn  of  glaw  of  I  Ineb  nulliiK 
Find  Um  iirinci|ial  fuuua  of  raja  noar  iba  aiio,  tba  index  of  refnotiea  of  glua 
beiajc  I'd. 

73.  Wbiit  ia  Um  focal  length  of  a  (laabl»<ouves  laoa  of  dlamowt,  Uw  nKlloa  of 
rvKtiirv  of  eacb  of  ita  tncea  being  4  BiUimotroat    Index  of  nfmcUoo  S'ft. 

74.  An  ohjrct  0  oantiiMtraa  high  ia  pboad  at  t  motrr  dialaMM  on  tbt  axia  of 
I aqui-convL'x  lenaofcroini-glaaB of  index  I'S,  the  rMlinaof  euirabinof  Itafaoea 

;  0*4  m.    Find  Um  aine  and  poutioo  of  Uie  imano. 

75.  Two  oonvarging  lenaaav  with  a  ooaiiiMn  focal  langtb  of  ODA  n.,  ar»  al  a 
I  of  0D6  in.  a|i>rt,  nnil  their  axea  coineide.     Wbat  inaga  will  ibis  ■yst«oi 

I  of  a  dr«lo  O'OI  ni.  in  diamotcr,  plac«d  at  a  diatauoo  of  -1  m.  on  tbo  prolooga- 
I  of  Um  coranoa  axiit 

7&  Sbow  tbat  if  F  denolA  tbo  foeal  langtb  of  a  oombi  nation  of  two  leoaoa  in 
BtMt,  tboir  tbicknaaaaa  baiof  naglaetod,  wa  bar* 


1 


t       1 


t  and  /,  danoUng  Ifaa  focal  Ingtfai  ef  tba  two  laBnn 

77.  What  ia  tba  fooal  langtb  of  a  lena  oompoaad  of  a  coovsx  Itaa  of  S  in.  fooal 
,  eauMnlad  to  a  ooncara  lona  of  9  in.  fonl  longib) 

78,  Apply  tba  fonBuba  of  f  1015  to  Sod  Um  IImbJ  laiigtb  of  a  leiia,  tba  Uiiok- 
I  Iwinjc  iiagl««t«d. 

TP.  Tbo  objortin  of  a  Ul«oopa  hM  a  fomi  ItngOi  o(  M  (t    Wbat  will  ba  tba 
lifjing  pow«r  when  an  ajo-ptooa  of  balf'iitcfa  focoa  i>  naaill 

80.  A  apbora  of  glam  of  index  1-6  lying  upon  a  horiniBta]  plaae  naalra  tbo 
uiV  ntya.    What  nnat  bo  the  balght  of  tha  aiin  aboro  tba  borinn  that  tba  prin- 

1  focna  of  tba  a|dMra  may  ba  in  Uib  hMlaobta]  pUnal 

81.  A  Mtall  plane  SBinor  ia  placed  eutatlj  at  Um  palndpal  (ooua  of  a  taltaoope. 
pgqMBdicBlar  to  ila  uii.  and   the    telfaoopa  ia  dlnelad  appnuiinal«il7 

I  k  dbtaat  Inmlnona  object  ribow  tbat  tho  raja  raHartad  at  tba  niirrar  will, 
i«)<aMbg  Oic  objaot  gbn^  retofn  ia  Um  azaot  dlreotioo  tran  wblob  ifaaj' 
na,  IB  Bpita  of  Um  amall  arroni  of  adjiiatnient  of  tbo  inirvw  and  loJawopc 
6>.  An  eje  ii  pbotd  doae  U)  Uia  auHaoa  of  a  luv«  ipWrv  of  glaai  (i>=  (}  which 
liUvarwd  atUie  back.  Show  UmI  th«  image  whiai  tbo  ajraaaaa of  liaalf  iallu«». 
I  el  tba  tMturml  aiia. 
n.  Tba  r«fncUr«  button  for  tba  nf  D  and  F  for  two  apaeliBuia  of  gbun  are 


FUaA^^Mi 


i-mi 


i-utt 

l-MSl 
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AKSWEE^S  TO   EXAMPLSS. 


M>d  m  •chronuilio  leu*  of  SO  In.  toai  lengthtalo  befoniwdtijtiicir* 
8kvw  Uut  if  the  my*  1)  au  J  P  m«  brought  to  tho  mma  focoa,  Um  (o«1  kogllM  (I  ] 
Ibo  two  Imwm  wbicb  we  coi&btii«d  will  ha  about  74  in.  ftw  tbe  crowti  Ai>d  18'!  to. 
Iw  tbe  fiinL 


AKSWERS  TO  EXAMPLES  IN  ACOUSTtCS 


Ex.  1.  ^  MC  W>.      Ex.  2.  4.      Ex.  3.  13]  ft  tj  ft.     Ex.  4.  61^  fL,  «1  fb| 

Ex.  fl.  30  ft, 

£x.  a(><|=:2.     £1.7.  f}=|.    Ex.  a  Poi,  Sol.,  thv  Hi»  Sou 

Ex.  a.  &47.    Ex,  li>.  440. 

V.x.  11.  sao.     Ex.  IS.  )1  =  -3SS  MO.     Ex.  13.  .13  ft.,  10  fL,  10|  fL;  U|,l 
I03|,    Ex.  14.  SO  ft,  6|f  ft,  4  ft;  &S,  1«^  £76.    Ex.  16.  M  ft,  )|  ft     Ex.  II 
Ad  open  tub*  twice  or  tlina  tinas  m  long  will  naoaiMt,  livcwws  oh«  of  Ito  < 
tonat  wfll  toiacUe  with  tlie  note  «f  die  fork.    A  atoppad  tuba  time  tiiBea  ■•  ki( , 
iriU  raouiid,  but  a,  atoppcd  tabe  twice  aa  Iuok  will  not 

Ex.17.-I.     Ex.  IS.  2,  4,  &    Ex.  19.  07a-S72»3. 

Ex.  Sa  33S43,  asssa  Ex.Sl.  llltX  Ex.  S3.  Tbe  nJocitj  in  IOBO  at  srad 
1110  at  no*.  Ex.  S3,  t-018  motni.  Ex.  £4.  4tS0  ft  per  acooad.  Ex.  SSl  3301 
Ex.  S6.  1046  Tibrationa  per  seooDiL    Ex.  S7.  3<I4*  C 

EI.2&3T4IT.  Ex.  28.  667, 1134,1701.  Ex.  30.  r  =  29040b  l>a*ai-548]au 
Ex.  31.  v=43r.6<i,  t'=7&9990a  Ex.  32.  Unia^  Ex.  33.  Luigth  o<  tra>-l« 
timaa  IsBglli  of  platiimiu. 

fix.  34.  10  ft.     Ki.  3A.  I£d00  ft  per  ieconiL 


ANSWF.US  TO  EXAMPLES  IN  OPTICa 


Kx.  36.  S-M a.  Ex.37.  l,S,uid7ft  bcJiiod  BnAmtrrar;  S,4,a&i)  4ft  biW 
seoond.    Ex.  39.  Siilo  of  mimr  uuat  be  }  of  edge  of  cube. 

Ex.  41.  Hiey  ore  the  abndow*  of  tlie  object  mmI  of  ita  image,  ourt  hy  At  *■> 
imagn.  Tho  former  ia  dna  to  tlio  intercepting  of  ligbt  afttn-  reflection ;  ihf  hAv 
Ut  the  inWrcepting  of  lig^t  before  redeotkm.  Ex.  4S.  The  auu'a  iiiutgf  ikn—t 
■kwlow  of  the  nuui^  image  on  Iba  real  arch,  owing  to  hi*  intcrcejiiin^  nyt  • 
tlieir  way  to  tbo  water.  Gi.  43.  Firat  let  the  globe  he  vertically  uuider  tba  hm 
tuid  draw  tliroiigb  the  ll&niu  two  oiiii.-Uly  indined  pl«iM,  touching  iha  ^^ 
Tbur  intoraoeticaN  wjUi  tlie  table  will  be  pataUal  lioaa  whidi  will  he  1»B(n*  * 
the  ahadow,  and  win  alUl  rein&bi  tangenta  to  ft  aa  the  ^obe  ia  rolled  betwaia  At 
plant*  to  any  dittancc.  Ex.  44.  Slfl  nulii  of  earth;  1(  mdiL  Ex.  4&.  WSvsUM 
netraa. 

Ex.  iG.  Focat  length  1  ft;  (a)  S  f t  in  frout  of  tairtvr;  (6)  !(  ft.  lu  InA 
(«)3ftbeluadia(ni>r;  (if)  1,^  in.  bebiud.    Ex.  47.  4,  f,  4,  !,>,. 

Ex.  46.  69-6  cm.  fix.  49.  Diatanoe  }  m.,  Wight  3  cdi.  Ex.  50,  IKS  • 
Ex.  51.  DiatAnoe  1}  m.,  length  J  dec,  new  poaitioa  ^  a.  kataralljr  tran  fee» 

Ex.  OS.  The  ny  in  wat«r  will  emerge,  becaaaa  )  ia  ffmJIn  llm  -TDTi  lla^ 
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in  glan  will  be  toUllf  reflected,  bec&use  f  ia  less  th&n  -707.  Ex.  &3.  {f. 
Ex.  M.  1-48.    Ex.  00.  6*.    Ex.  06.  00°  (bj  total  reflection). 

Ex.  07.  3  mm.     Ex.  08.  I  fL  4  in.    Ex.  50.  |  a. 

Ex.  61.  Focal  length  of  diamond  lens  is  g  of  focftl  length  of  gl.ita  leni. 
Ex.  G3.  1^  ft,  2  ft.,  3  ft  on  other  aide  of  lenn.  All  real.  Ex.  64.  ]  1  ft.,  5  ft., 
iV  ft.  on  nme  aide  of  lens.  AU  virtual.  £i.&\  ,V.  1,  2,  12,  6, 1^.  Ex.  C6.  l^V- 
£i.  (i7.  f  ft  Ex.  68.  3j  in.,  convex  Ex.  G9.  1^  ft,  concave.  Ex.  TO.  9  in. 
Ex,  71.  4  in.    Ex.  78.  I'S  in.  from  centre,  or  6  in.  from  sphere. 

Ex.  73.  Ij  mm.  Ex.  74.  Diatnnce  §  m.  on  other  side,  height  0}  em.  Ex.  7S.  A 
real  image  iHA  m.  beyond  Becond  lena;  diameter  of  image  tWS  m.  Ex.  77.  8f  in. 
Ex.  70.  480.  Ex.  80.  Sine  of  altitude^S,  altitude =41*  49'.  Ex.  81.  BaTa  from 
one  point  of  object  converge  to  one  point  on  mirror,  and  are  reflected  from  thiu 
point  aa  a  ne*  aource.  Hence  by  the  principle  of  eonjngate  foci  they  will  return 
to  the  point  whence  they  came.  Ex.  82.  The  tint  and  second  images  ore  at  dia- 
tAnces  of  i  and  j  of  radiua  from  centre. 

F.x.  83.  The  diapenive  powers  are  m  38:03.  The  focal  lengtlis  are  to  be 
directly  aa  these  numbers,  and  the  difference  of  their  reciprocals  must  be  ^. 
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AbvTTliaii,  utJTMKiiiiicalj  961. 

—  chromatic,  loSo. 

—  0(  LCDKa,   JMt 

—  iphcricjJ.  9t£L 

Alaolute  Uinpenture  ud  »b>0- 
Itfe  Bra  by  air'tbcnnoiiKter, 
301. 

by   thenno  -  dyoUBic   icalv, 

4T3- 

—  unib,  Sji. 
Alwirbinf  powm,  443. 
AbKrptioD  Jind  emitiLion,  437. 

—  —  —  cqu^lJtT  of,  454- 
ofrjyf,  1074, 

—  «f  (Vd,  177- 
Acecleniian  d^iiKd,  ji. 
AcddenLal  LnUfci,  1096, 
AchrDniatJun,  lofli. 
AcDiHtic  pendulum,  899, 
AainomctCT,  486. 

Adiibatic  chuifei  la  pue«»  474r 

—  "  — Uquidi  usd  toLidi.  477- 

4ft>^ 
MAa,  lumiAiferoiu,  ^y. 
Air.  weifhi  of,  13S,  i^^ 

—  chuabs,  aiB. 

—  ccnUnB  of,  hj  uccntt  476. 

—  dcvutyof  dryt  303. 

—  —  of  ntjiit.  400- 
-^film,  iLdbenpt.  177. 

—  pMinp,  t7^ 

—  impoUurc  dT,  jil,  jbj. 
'—  vibniioa  oT,  868. 
Aiz-englne,  491. 
Air-thennDmetcr,  301 . 

Airy'i  tppamniii  F^vr  biw  of  iino, 

Alartm,  icLearmfiliic,  814. 
Akobol  It  low  tfcnpentiiru,  350. 

—  theraonietcn,  t^,  a8o. 
AkohoUmetert.  1J4,  115. 
Alphabet.  tclc[nphic,  817. 
Alternate  conuicf.  :7a 

—  -  —  diichanic  by,  fiit. 
AltcnutinE  current  m^ichiiwi.  Bos. 
AJiim,  iu  uaatt  iji^thcmuncy,  ^yt. 

AJvcrfbiai'i  appantw,  st^r 
Amalgam  fu  rubben,  57^ 
AiutgJun^^^  ™C,  695. 
Anptre'i  elect. -dyn.  fumiula.  760. 

—  rule  for  dtfltclLud,  698. 

—  «iand.  TJT- 

—  theory  of  ifUEBeiiun,  763. 
Ainpliiude  of  vibniLon,  £},  SiK. 
AnslyKT,  1 119. 
AnuHirphuu,  99a. 
Andrews'     c^loriinetric     experi- 

man*.  483. 

—  OD    cootiDiuty    of    liquid    ^nd 

faseou<naia,  315. 


Anemomeien*  SaS. 

AneruLd,  154. 

AnJmftL  heat  ihI  mrlc,  485. 

Annufd    and   diunutl    m-iatiooi, 

e6i. 
Anode,  710. 

Aperture*  ibno  iiiU|ca,  ^o- 
Apjohn't  Fonnula,  397. 
Anco'i  nutioiu,  803- 
Arc.  voltaic,  841 -84 3. 
Aichimedu'  princiifle,  97. 
Ariilolle'i  expejimeni,  ijB. 
AjilhmeticBl  lever,  19. 
Armiinnig'i    hydni'decEnc   nu' 

chine,  579, 
Amofement  of  cclti  in  battery. 

AnificiaJ  hociioa,  968. 

AKOii    in    a^Wvy    tubet,    T94, 

133,  118. 
Aacent,  cooling  ol  air  by,  476. 
Aspirator,  395- 
Aitaric  circuiti^  7A3. 

—  gBlvAnomeier,  703. 
-«■  becdLr,  7OJ. 
AArononuQ]      refracdoD,      1003. 

tlD8. 

^tekvopv,  idHj, 
Atmoiphere,  ifx 

—  diitriUitioo  of,  over  tb*  aanh, 

—  ttanHard  of  preuure,  141. 
AtniDipberic  drcuLation,  geaenL. 

—  electiiciiy,  849-4^1. 

■  made^HThrobfteTTinj;.  644-A47 

—  —  rnulti  of  nlrteTTatLon,  648. 

—  refnction,  iii^;. 

Atoouc  weight  mvenelj'u  ipcciAc 

heu,  318, 
Atmciion.  electrical-  law  oft  563. 

—  puKnetic.  Uw*  uf,  661. 
Al(r,*Mioii«,  apparenl,  to, 
ArwHi-HTq  machine,  57. 
Aii|:<i'«i'*  P*yi^l>ri"'>''t^r,  )93. 
Aurora  boreatu,  f^jf- 
Aurum  mutivum,  576 
Auniral  pole,  857. 
Atitn^nphic  telegraph,  Bs3. 
Automaiir  «yUt:in,  Wheatstone'fe, 

8tf. 
Aiet,    DpEic»    in   cryilalt,    lait, 

J  m,  II3I, 
Aaii  of  cocipk,  14, 

—  of  wrench,  i; 

—  iTU)[netir,  t^i. 
Aiimmh,  63  v 

Babba|:e  A  Hervrhel'^  POtaliiii%. 

80.1. 
Babinel'i  air-pump,  i^i. 


Buk-pmaure  od  dlKbarciDg  vo- 

KJ,   9>.  31$,  ttL 

Baln'i  eleciA-cbebica]  tclcgi^>h, 
8a3 

Balance,  34^0- 

—  induction,  84a 

—  (oruon,  559. 
Batlooni,  9O1-S0& 

Bar,  flow  of  he^t  in,  «>& 
BarVer't  mill,  93, 
Baroijipha.  i^A,  ^58. 
Barometer,  142- 

—  CDirecliodl  of,  I48-IS'' 
BaranctTK    tostiuiemeol    o( ' 

heijjhla,  139- 161. 

—  prediction,  183. 

—  variation  witb  latitude,  518. 
BaroKCOpe,  «a«- 

BaviUr  membrane  of  ear,  ^3, 
Battery,  galvanic,  688- 

BunKn'a  694. 

'  —  CroiduhankX  ^91. 
Danieirt.  691, 

—  — '  Gnjve't,  694- 
— '  —  Kare'l.,  69 J. 

lelegraphic,  Bof. 

WcJlBMon'ft,  691. 

Battery  of  Leyden  jain,  69a 

—  di^clioirge  of,  fijj. 
Beau.  B9J,  94}, 
Bcauoe'*  hydrumetera,  ti] 
BetJDtt*  of  organ.  918- 
Bella,  vibration  of.  B67,  gij. 
Bemoulli'C^wi.  919. 
Ben«ch'i  eleclncal  machLue,  364. 
Blanche  ■  air-pump.  1B3. 

Biaaal  crytlalt,  rijn. 

BilUar  ma^eromvter,  671, 

binocular  viiiuQ.  1033. 

Koi'i     hypothdit    of    terre^tnaJ 

magnetism,  674- 
BlacLbum't  pendulum,  931,  tTti 
Bladder,  bum,  iDT- 
Block  pipe,  917 

Boh  nenberxer'i  elect  roflcope,  i^n 
Hoilcr  oF  iieam-eiiginr,  3u6-3u£ 
|{«luig.  3S5-  357 

—  hy  bumping,  365. 

—  cxp1c4ive,  363- 

—  prt'moied    by   ptc-iciice  of  a!r. 

3'.a. 
Bfflini:  pmnii,  affected    by   pret- 

f.ure,  13B. 

liLkichLt  determined  by,  339 

* uf  vilutiona,  yn. 

—  —  Uble  of,  J36. 
Boreal  pole,  657, 

|[oii'jii»lev*   iMr    J.    T.l   ice  ea- 

perimcTil,   eh 
El->iinh'ii'^  grfiige,  17  J 
Uuuligay'r  experiment  1,  ^86. 
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Bayl^t  Uw,  i«A. 

—  ujbt.  iM. 
Anffub  pr«u»  ttL 
IlntHfc  land  wd  •*).  t'*- 
llHcuB't  Ihnmimiief.  >II 

—  »U(n|ili.  Sii.' 

—  blinriBC  lod  cffMun,  103). 

Orlghi  tpat  tKhiud  ertpix*!  ■"<(■ 
llmlili  Anecudon  luJuf  nilii 

Bnuh,  alKiik.  jH 

Bubtila*  DIM  whh  hTdncn,  wi. 

— >  Vfldon  and  pmwin  in,  lyt 

Uuck*^  *lntric  n6. 

BunMn'i  c«ll,  t^ 

Uii»y^nef,  (•nn*  at,  tH,  lu 

DunilBI  ailn«n.  tUi 

lluminc  br  IV(«iii(,  j)a> 

Jtunttni  oT  Wln»  (ot< 

Uu]«  bllM*!  bv,  144. 

apsiauBt«n  te\mi,v^. 

Case  tleclnmclcr.  tjl 

CfgniuddeLMMir'iciiptriiDtnii 

■iKti.tn 

CuHon,  n 
CalibnliOB,  >ii. 

—  of  ibom^Dultiplicri  703. 
CaiowMony  4S4. 
Uoric  Ilwai7,  uf. 
GaLarinoHr,  ity 
Catanmcirf.  )t^ 
Camtrs  l^cida,  ff^ 

—  Obncura.  IMJ. 

—  pboM(n|iblcb  imI. 
CuDphor,  >w«Mimtt  ol.  im- 
CafScliy.  Ibtraul,  31 1. 

—  —  t[«dAc,  311, 

—  liBaric,  tiat 

—  of  OHidenttr.  6pT, 

CopiUviiy.  iM-'H- 
Cvbon  mtliol,  »t]. 

—  BitUllUnt,  i)». 

—  ^BU.  imnce  «r,  ftt*. 
Cuhswc  add.  Mlidiftculan  01, 

Cuool^  pHndpIn,  lA?, 

Curf ft  (-WD  fr«eimc-mMttinci^34|, 

CuttftundlvcT,  m- 
(^Made,  ehftrgc  bjr.  t» 

CMHru-t  ul^atdi,  iM- 
CdhiMBnur.  144. 
OtUwd*,  ^o. 
Ciunie^tM.  MOO,  i»|. 
CHidoD  Mcwdbu  licM  of  lh>m 

C«ll  lundard,  7)5. 

Colli,  anuctiHiil  OC  Ibr  mut 

Dina  CMiTcfn,  ri^ 
CMUicndc  Mkte^  ot). 
CMiik  gf  buojucy,  9$.  im 

—  rffI«vU)f.  17-11- 

Iir  eiiwrinuH,  n. 

~  —  •  vdacitir  «C  4& 
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CcMN  <i[  sun,  (I. 

—  or  aH^illMlm.  ;i. 

-aitiumi.n- 

—  of  leu.  iiM^ 
Cemrifuc*]  feroc  to.  ts- 

—  punpt  *iJ^ 

—  aniU.  1(1. 

Ch*n(*  U  iMaicniUB,  ti. 

—  «(  modoB,  4a. 

QuacMr  of  a  nuileol  n»M  IWi 

Ml- 

Ctnc*  kr  oWBd*.  dn 

—  •oUiwt.Cia. 
CtiUWarBBpetw  lisci.  dr} 

—  of  <««llB,  •*». 
Owalal  OHiNMiioa.  |B*. 

—  Miioo  Mid  ekare-aMin  font, 

7>T. 

—  **  —  hooil  ■■  ciFcuii.  74s. 

—  cSMttoflfvfc,  JM. 

—  buDOoka,  I69. 

—  hrcnoixcT.  Kt 

Ottm  PlHOK,  (iinCdl  M,  ^ 
Qiitoca,  elKlrK.  641- 
OiiouKn,  ^nuftu  e(.  jut. 
Chbdai  ft  fifun^  v%. 
Qirocoack  Abcmli4a.  i«d& 
OiraiBfinlwi,  «}, 
Onu^  EMWMde  &00  at  fsd. 
Qmibr  in"tii».  y. 

—  fAtouMicB,  tn*.  ■■)». 
aukft^i  iBMliin.  7**- 
Otftnnn,  «r  aamfonad  v*'*- 

Cltuuici.  ibhIh  kod  BJMtinU^ 

!» 
Oiok  M«aaipuTbi(   H^MIlo- 

tSaa,  Wu 
dodn,  daclrlollr  BtanUcd.lM 
aolUgg,  vwnith  •£  404 
Ooud^  4M-44d. 
Coal,  orictaof,  4tl 
CBiinn  ju  aiih  tsmahli,  tit 
riiofliiliiii  iif  iiiiaiaim.  iSft 
laUft  oA  id. 

—  0<»fttptri;  iftduciio^  Sn 
Cotfltdtmool'dftftiiatri  » 
-or(iietitB.li. 
CMfllv*  fiKa.  dll. 

CMI,  Rutinluri  Unwa.  7)* 
CaU  of  fwnomifti^  Mf. 
ColMoa't  npnimw  at  Lakaof 

C*U!mI«.  Kh  i4.  •««• 
CoUinMn  «(  vowoNapOb  »<«> 

CftU^'iu. 
Colour,  lofa-'iefl. 

—  *od  amfa^  »««. 

—  hliii<mi,  iii«7. 

—  hy  palaiuftd  l«hi,  ■I1411U 

—  OOM,  lot*. 

—  aMUiiKm  109ft. 

—  auanmaf,  io>»  !»;» 

—  «f  ptodOHh  mH. 

-oraialllru.>id. 
Caatbiiitfta  by  xduaa^  j^t. 
-k.>lof.«l.. 


OiMI^Mi«MaUci<  kMiiC>*< 
CbabMiaa,  Wm  tdlft. 
CJiiana.  M. 

CtpaiiiTftliag  I— iK  lit.  MS. 
Can  IBM!  I  IP.  7«j,  IBB. 
CnayaiViftty  of  ilm^^iin 

Oonfw,  ftUp"*.  dr^ 


.Id. 


oloagfti 


*"S-...» 


C«vka»MrT 


i|ri«li«n 
Cdaoftv*  kaa^  HO 

-  ■ikfMl.Vn' 
CoatoftJ.  041. 
OaadMaaUMi.  ua. 
CUadtaa*  at  . 

Coadmi^  ilaatK  *i* 

-  -owadiyot*.*. 
--dlaalwH  ■!.«■& 

-  to  galwftlKMUqi.  daL 
CooiltaftiaK  «l«cw—i ^*  *i» 
-ps*«.  *i» 
CoadiKiHB  sfhoal,  41* 


ia»aaMh4M. 

Ogadaidnq>  d^Md,  «l* 

—  JftiftMiaaaliiaM  oC  *••-«» 


of 
•bctrial.*<A 

CooJoiaw*.olaatrt^fc«at)» 
~  liakraiec  dji, 
Caao  of  caloaf.  (dm 

-II  nil  mil     \A  iti^» 

O-tow  >—>«>.  Tid. 

-bxCtldiiaad. 

—  ■iircn.ftld- 
Cmir '■'  pniMo-aj* 
CoftamMii*  ad  a«>(7,  ffft 
Caaaftftat  l**4,  vaulMMaA* 
rwMlrMliM  of  ^^a^^M 

liB0i.«14- 

CoaauaCfn  (»  uao«a.«k 
Coniati  almmiit.  ntf. 
CaBli«ua»|ia»ll  ii\l  il  <■» 

CanuHml  d^M«  i» 
C««iMlir  bT  caiMB  <^  Ip* 

•uao^  J51. 
CaaMocMil  OiriK,  «> 

0>a(MlM4Mk*» 

Cii  iii  »1  Jian^FiWy** 

—  —  tMi  fay  atM^MVL  i» 
CMnoda  ar  tebaa.  MH  pk 
O— n*»a  aqHl.tmai  *(i«  ^ 
CaaitaMNIhy  sd  niawfc  » 
Ca— «i  whi^s  »>► 

—  (fBirtvoiM,«t 

Ca*M  •■  vM^ini^  « 
C>«wni—a«lai[»iiii.MK'» 
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•-  taaprmum.  Aadnwif,  jjj. 

OoM  ui4  niv>-  ■  "7 

Oi  ■■■    al    Mkinya,   naiL 

OtwHoUi.  ■». 

OTnK  <plic*)  duiifcariM  o(. 

OVpcMMlkarMdar,  »i. 
Cmiim,  iJadia   t^   ■jfTilir 

—  dirtMta  ot  Id  tMUry,  ««. 

—  RNawlnl  (HiMa  •<••» 

CvwMNM  af  MT*  h  •k,  ih4 

—  «rMiiadiBn.  iiin 

Cycttdil  ffjuliMi.  «f. 

C)ft>drieato*«r.n» 

ITAkabat^  priMifk.  9« 
DttkaA  ■^cnMBD  OB  n»«in, 

—  !■«*•<  npoBtv  Wk 

DiBpwb  cafpw.  *M- 
Ohhmm  aw«ri»yi  laiBUlHi.fi*. 
DMM'atennr.Co). 

—  h)VM««r.)u. 

Dmi   aBM   oc  nnuriiw.    inti- 

—  Bbb  to  ^•enu*.  tt/t*. 

—  •■  kkU«a  if  kc,  4M 

—  atiiiiin.  «*i.   . 

DaCKtlH  fan*.  «* 

Dap**  •!  ik«i««BM*t.  fro.  tiB 

Dtbracbi'*  ivIm  «l  •«••■■'•■  h>M 

D*  La  »W»n>iftau"'.  T«r 
Dita.Vialr^a>IM«iI, 
DahawM'tcwilf.  t«i 
DtfOKT  ■!<  (kanMBeMf,  ^. 
Dmtkr,  1*  All,  Vifnir 

—  >>»>■*  «■<  wliim.  105. 

—  inuwhlilli  •(  MM)*. 

—  cMnctiM  ■(  fM  llf  «l»l»ll. 

aj*- 
-atauicsM. 

—  af  afa;  (Bl.  «eeL 
-■rp*ia,>ia. 
BUaoCrA 

—  arn^Mhn^ 

D^oWmAw,  ht  RByiic  p*UfI- 


.oiBwir,  ia4i  i>l.iaS- 


D«  SauMut'i  kfimacMr,  jyi. 
DaiRU  OB  Wai  ef  vDlak  aic, 

DaaaaatfaaiT'""'"!**'  feaytt^ 

lur,  i«t. 
OB  >Ie»hel  u  law  wiat«n 

Pifwikn,  BMlnitlwiw  At,  laaf. 

iaa(, 
—  tymaitoof  ■inat.ttA 


«7- 


L 


CaMplMMiM  g(  IBl 

DaiM^  UWHiB  aknBe, 
Dial  wlMnptn,  It  1-415. 

iWi^BadeVaJia,  n»«|. 

DlaaKMn,  law  oC  laj. 
Diaibaimaiicjr.  Ml. 
-tildaar.«M. 
IHalacHK.  iBltiMBca  <4,  (h 

DUkmiU  •yMattH  fM  ll*v  af 

haai.  *!].  «•«. 
~  (alniBniMar,  fsK 

—  ilunnMMMr.  an- 
DIDnilir  «f  aawt<*|  thane* 

DllTiuilaa,  itaa 

—  ^  cnliBf,  III),  iiiih  ii;f. 

—  frinia.  nil. 

—  krie<irun.  nrt* 
Di0UMHjii,  it). 

UiffubVd  rtdaociea,  4^7,  Mf^ 

DiduHvity.  41L  414. 

.—  dci-liHpJ     Iran     tadligmud 

lampaniliina.  414. 
DisavnF,  Papiny  yfiA 

Dinn  hytronaur.  n> 

DifKarcln;  W& 

niiiiliiii  if  1111111111*  III  pifcalnil 

llcM,  itjdk 
DiracTm  MNiMCT  of  inn,  Mi. 
DMmf  IB  mnU  cana^  m. 

Dli£«NrjotMrf.M 

—  wlvanal,  ttt. 
DlaMi«,«4i 

U  Mflraataf*,  i*;^ 

I>i^4a«4  KmiiU  OMlBtd.  iool 
OWanaMlafaifl  Uh  br 

iButlan,  i*7^ 
t><mpii*Mol<lnn*.iTI- 

—  af  MHiy.  tl^ 

«-  «( laaawM  «f»H»T,  «?» 
DtaUMV,   ilntMliM  </  tr*  t«. 
»!*. 

—  }ud(nau  aC  ■«)«■ 
IHMUIaUoa,  )<•, 

[Kairtlniiian  at  il*aild>y  an  m. 

dutun.  y6^ 
tKuiml  baMioric  (Wt*.  t6i. 
IHvo.  &ne*ian>  104. 
Diwidtd  ciTniK  7*^ 
Donny'i  mpariiMM,  1^ 

Paall*  Milt  t<'**PK  *(>  ■  ■'- 


l>auHi  WiOaJ  airyy.  ill 
RaaU*  nhwHtHi.  im 

—  wfttll*^  (Mw  iin. 

I>niiiu7cfcra»*|it,  lal 
IMort  aafMlnani^  ){t. 
D»P>,  iji. 
DirpHa-CgA 
UiialaT  afAcntdir.  )4l. 
IMtui'i  uvciWcn.  y>|. 
PiA— tf  a  Ttbaeaton^  t«4. 
DnlMf  mi  PaUft  b>.  >iS 

law  dtMBof,  4)1, 

Dvaaa'  laWtitl  tf  vipa*>  4b» 

Du|tu  (dv*plq'>  **» 

DyMaica.*. 

Dyme  wadllnn.  Til  *"■ 

DraaMOCtar,  «. 

Rai,  accndiac  t*  HalailMln,  ^y 
Kanh.  aOMQa/.  caflamoli,  jti- 

—  u  a  ■uffwl,  «f 4. 

—  far  mum  «in,  lej. 
KanhKiintnt,  h« 
Kbatn^i*,  lU.  wj. 
EcMamc  fa*  mwim  tBd*-nn«, 

tdiaiB'i  iftaMicraiik.  9)». 
EfklaKTaf|>B|k*i4 
-•(A>>b1ccii|Ii«.«M^I|  n- 

t«ariU*.4<|. 
K«u«fBt*U4.(*a. 
»*aalMlKlH«Mak«>». 


Ekctrioil  faraa  at  ■  |i*IM.  Mr 

-  iwhiBa.  Jr^ 
Ettctrk  Ethi. ««-««« 
FJaaiidtr.  t««. 
-*iBHH>i*rie.t««. 
Wianim,  W.  pg 
Sl«»4ra«««o^  n* 

II  t*t  1 1  i»*ltcii»  ii^imh. 

-■(Uli«.r>l. 

-  ni.iiiilr  aiiiHiM.  ■]•-#]) 
— -BaaBan.;**. 

-  ■■MIfl,  Ijt. 

-  -pklbic  III. 
IUaMn4r<^m 

-  IntuCrii. 
Ktowroiiii**.  aU*hil(,4u 

-  mumttt*  al<.  »)■ 
*)l, 

h*e**ftMMrr,TI)> 

ift- 

lUnWD  ■■>>*.  lh«%*»UJ  a*. 
lMl*»4«f._yrT. 

tf  tfAMM  hattariM.  T*k 

Macwi^awi.  U> 
BbowaraM.  5>ft 

-  ■ahMUvar'k  ««. 

-  ei)aaalag.>i» 
IUactran«;t» 
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KIttMat  «f  oiiKnl,  BVMtlc  torn 

due  la.  fe4s 
_ iniiiHtl  Kiion  ef.  jta. 

EloWim,  apilliry,  (>«■■>& 
EUbXiil.  ii|i. 

—  dkutbulian  oT  •liclrictiy  en, 

Ellipiic patjnnilKi.  iii< 
EIm**  Gk.  Si  .  (4). 
Rnidim.  cutKi-oii  nl.  ti>- 
Eouwvt  piivii.  4|i. 

EoddHMM.  >>V 

EnnsTi    tviIUtile    wofcc*    •!■ 

—  esntlrfMiciD  oCT*-rt 

—  diwp*IlM«r,  (A). 

—  luBclicri- 

—  of  duixol  ueducw,  ]0» 

—  (ciiK  or  ^a«i>L  n 
St^nm.    Uiimic,    <w     Slam- 

mcb*.  «4t.  49" 
Kd(I1i)i  ttr-pmnp*.  ill- 
Eqiillitmlai  oaloODt  of  liquid. 

•t;. 

E^pumlial  HiHbca,  sg*. 

BquivktiBB  al  liMi  tat    •ntK 
46*. 

—  dKtnt-dmaklil,  t<» 

Kmn  and  ooRMlIau,  ii«M  ol, 

Empdrauon,  jjj. 
-<oMrf.  WV 

—  taMBI  K<x<  of,  tll-]U. 

Btctmi**.  thfory  sT,  <  jx 
EiIUiaMMn,  linii  ef,  (M. 

—  nu  «(.  ifa 

u>(ukd*k  tji 
~  by  htat.  i)t 

—  CHiBcifMsr.  lit. 
'-  aiiblc  ml  llotw.  trr 

"  StttOl.  9JJ. 

—  ton*  sf.  M. 
^  heii  Ism  b,  «St 

—  In  rrHtlniL  3111 

•  Hdcu,  otdn  ol  thtJiint,  *J>, 
ubhoT,  >t4. 

—  mMbcHIia  ef,  in. 

—  sf  (ua,  iSi, 

bUboT.  JOB 

—  of  liaiaril^  Ubli  flC  *94,  a^. 

—  cpfmcroiry,  vIt-vO^ 

Eipumvtf  v«kdi|  in  ttaairi-ri^ 

fine.  joo.  (ftj 
KxpiMiDa  of  boiJan,  joj- 
£1133  Gurnnl.  tfla 
KntaordinarT ■'uIh,  ■«>■  III]. 

—  nfvioia;  ii»> 
Kt^  i*ji. 

ltlF(iH*C«l.  K*}. 

raOM  «f  Mpualaii,  trr- 
fabmbfil'*  larooKWr.  ijS. 
~  hjrdraciwMf,  iii, 

—  tcair  of  itoiperMw^  1C5. 


FiUin  naif,  •}. 
FiUiiii  tolio.  p 
Piai)i|'(  «nwn«MCiM  oa  II4M*- 

how  of  M^  M).  MS 
- —  en  ulidibe.  ef  gmn.  ]30. 

tiaoB  ilairiiad  bH,  J•^ 

~-  lien   mudins   atKiiD-MMic 

imkiclia^  J«.  *>f 
rniECi  ■ifcufcetM»f,  f  t& 
hvn  ul   SUbowtal  olmi- 

■cMi.  «lm 
Fttld.  BBVKlk.  Ml. 
lMaBli7af.Cte. 

-•fitnr,  ••3& 
nUaCi.  Ika  toned  by,  «n- 
KtlB«t*ir«n  mI>4>.  117- 
FOb^  itaiiM  iA,  iir-m  tjj. 

■M- 

—  eoleun  <4,  iiiS 
PiK-^n^iAe,  tiM- 

—  litai,tuf 

Pixau  eq  vrlMily  of  Hfhl,  Mf, 
FI111—.  MiaoMHric,  vifcny 

FleM^dluHam  «f  Woaim. 

•«. 
noaMka,  ua. 
n«lli(  Madtn^  laj. 
nn>*i  af  (o«.  )>T*]*t- 
nu>->liia,ki7. 
naU.  paifaM.  Iv 
rioidt.  tktnrfc,  ibearia  oC  sjo. 
'  LsiCiHty  na^ciK,  6H. 
rimtPCUCT,  tii.  loM. 
Fhnc  nwwtyicn.  91;. 
ny-vbad,  wl. 
PoaltncO^ffo 

—  him,  9I1. 

Pea,  eeoiaplr.  fA  loiA 
"UpUiDfJ    by    n«*    lkao>7, 

—  rriauy  (ad  Mcaodiry,  «H. 

—  frill ai<l.  9)1, 9li^  loia. 
roMowur,  10*4. 
PMhVlt. 

PmW*  Mpwtaiaa  (•  coiduc- 
■Iriir.  im. 

—  olHnaMMOB  gbui*  iwitM, 

P«R*.  J. 

-•BevMeL««. 

•-  due  la  *  cifouk,  yaC 

—  Uccwiiy  Iff,  n 

—  lina  «]  lulls  </,  mC  in 

—  . ihf  if  im.jtf  qtoa.  w^ 

~  —  Ihcic  nlalHii  u  inliurf 

•m™*"".  ;;t-7J)- 

—  Mar  iiu&cc  of  f««docHi^  fea. 

—  ■ulo(4(,4l.  M 
Potdi«4UBc^  sr<> 
FdctiaV  hanflktlcr,  im 
F«aeaa4i^  Mpwimnn  M  valsoiy 

—  MCltltt-ltlCTlC     MpMfalM, 


-^. 


—  R(UlUW,  •«» 

pHinab  In  «HiMk  rtf- 

—  loMmilMM,  *i» 
FoinCT't  ihwaOB,  «h 


foaUhi'*      I    iraan  •■  « 

M  l^nUc.  Au. 

FMaWVbl^  •■•*. 
riiHh>M  lfc>ii«^.  igt 
Pneraed.  v*s. 
rVecriaC  •*  I  In  I  ■it|  b*  1^^ 

—  by  lfcaa|hfwiLIiS».  ttL 

—  cjipu«ba  im  jjB. 

—  nsniry  In   nMrt   mriMa, 

—  nuiurc^  ji«. 

— paint  kBwid  tr  pi^MK.  ir>. 
4*<. 


— — hyiiTnna.Wi.      . 


-  ■«y»«yrfaa«.  ■■» 
rMlaa.  ■•.  N. 

-  fau  ■!.  4ja 

-  la  coHiieciiMi  «ab  I 

of<wvy.l« 
Friafo.  diJanhi^  ciii. 
Fwt.  eagatiMMi  tIiK  «^ 
FraMnfaaaciM^to. 
Fr«b  Imh.  «il 
Praade  OB  eaancMid  t«i^  Mt 
Fm*.  SuikaaV  fM. 
Piined,]xi 

-  Itaaac  iMaatC  ti* 

-  Ma^aaWM*^^* 


-      ...  •■«■ 

—  ■•  wtitB  br  l■■«^  ua 

Ua»>>M4,MI. 

Qahu^  hanwr.  «>. 


Oi  Will.  yat. 
Om  MHiii.  >n-tiy. 

OM««pMUMy.<ipi 

-ibrii  iiii    I   I  kvtM,*. 
a»9-J«k 

—  •iMir  af  WM<  Uh  Mb  va 
GtaT4«amr«  .avariBM  -  * 


Owfcaii.  i4r.  •»& 

Ohrii.  Mill  4.  ttfc 
CtaU^I   - 


di^ 


OeiilllUL  DCDEX. 


IIM 


zr^jiir 


Mldin, 


■i|K 


O-wmwAdk.0L 


m^Uh 


•St. 

,"» 
— -dcgnox 

"—- ~"'-  ■ifcini.  »l-tei,  ant 

Gwahai  fclwT  iJMJta.  tift 

—  liliiniM^  11 16 
C««i'iM>i.-i  aiifMM,  », 

—  BMioC  ifn. 
— -iHiiXdrr,«i 

-•  Anaah  iir  iM  MHMtr.  |i. 

—  ■■— ■<>T>i"Ww"i.T» 

—  pn^MMMl  ••  ■•»  tk 

aiSiwuiilhMhn     UytttMM, 
flmnmm,  n» 

>  Valu'^i  ■HMD'  (T,  Oji. 

tlBl'l  lllUIIIII        Jl 


HMiLyA 


-   M» 

—  aikcB  a(  M  MfHB.  Mk 

—  —  to  d^ce  (I  volBM  Md 


Hail 


5s. 


•**r 


lldnlwki'i  vlfMowtf,  lt» 

-  Ml— iiw.  im 

-  Ibmr  ««lii«lnMfi>  Ml. 

HwwMba  uiaMtn  ■«■& 
HIn  «  aitad  IMM.  «H 


Ha 


•M- 


"Haiiwrf'MhicX  17. 
H<ri>g«ykdHiir,Mf 
Bbm.  power,  B. 

Momnl'i   cbst    •obmcImhi*. 
tnt- 

•U 

fttBCtlMil. 

BHowpnM.  If.  ML 

if  Tdndyv^BlOK  Iv 
HrdiMttcnk  aiMlibw.  n» 

-■■"■fcltfilmiftM. 

—  h(M  rf  oaakMioa  at  4«t. 
If  rdnUNila.  t* 
HHnncun,  tio-itr. 

ll||IUIUII|ll     Md     t|(HMUl... 

llnwaaar.  M. 
MrpuaMrk  finah,  ■«■- 

In*  Ml»t«wi».  ]if. 

—  ■>«■■■»  ♦>» 

-■-tfup«b>M.)M.*». 

-"«?"'■''•»'• 
Itdi»4  If  If.  laNi  nil. 

l—m^dn- 

—  MMmUI,  Nf*. 

-•lMIM,t<«. 

—  (MBIJ  b]F  I^MI.  IMt. 

—  taiarf  br  ■■■  kBi-^  M* 

—  h  aid  ilr.  t«s, 

—  >■  ICIW.  •>(.  i«u 

lwmidb«fc,BK 
l»MdmllM»M. 

ladbMio),  B^HtM.  tf& 

i.di»iiiw,  ti. 

Mh  ami  Hd  CCfTfCllMM,  ■}> 

—  «r*i(,  lud. 


•t». 


—  JiammBi,  tu-uh  da*. 

—  —  HdMid  IS  faKa  MhM.  **• 

-MIBMlc.  0)1  »■«.  <  It). 

hdaain  mftilir,  mr*.  «r- 
lawtU,*'- 

-■«MI«(« 

linalMMiHli  iwU^  ■!> 

iSmtTcmmKm 

lancM  iwlHit  *■>  •""»•  ••« 

iBMiWMII  UW  Wl  WH  W4 

Umla  tllwdic*.  !■> 


iBWlMMh  IM  if.  )«f . 

-  fct  Hllg»|ll  v^M.  (■» 

iMiiKT]   hiriiiMil.  <nmUat,md 
tat>l«d*. 

-  ol  Ml  ««•«*■ 

-  al  MiMliMbib  Mn  •» 
UWI«(WB»rfll— li.  IJHw. 
iMnWafcMdMW.  iff, 
iMinkHM  IbMaih  an. 
bMnaKaMtaaLM- 
*■»— anl^  «])•  ftik  itt. 
tavMbk  pana  •(  innnm,  Hit- 
UdlH.  aatMka  «<  )■  lhi||Mh 

afwka^*)) 
baa  M  mUmmi  UU, ««. 

twcteMHW  nkntiaM,  tt,  |C 
!■«*«(  Ba«i^  4M' 
l»oih>n«il  HMfc  «lt,  |i^ 

taWirtJWaUCTtk  HiK  Iw 

-  lUyM^-a  •i»>U-Mi  •*. 

i*-ar  OHMtacd  doAa.  •»■ 
Jaulc'*  ii|itialipl  (ta. 

-  mminnwi  in  uiniN(  ■<••*. 


—  lax  Iw  MMMy  «f  WTCM,  »*• 
JiVtUf*!   nWllMk.    ijpii    A 


-»  — malim««  «** 


Mfa  tAOL  IIM. 


Kh«MT«-aaii.»«.n«. 
MaaMia.* 

K~f^  iiiiifm^  in,  iji 

K«a4f'>  -     - 

LaMVaadUM.nl 
UBff-Mart  H  akaartn.  Ml 


Laann.  Mfla.  aajK 

Lipkn  »M  LanUtr'*  c^ari. 

a<au>dv 
Ufla«-*«w«tlai<d— ad.Ji 

Uryar-aupa, «». 

UnM  tea  •#  lUrtak  hi, 

—  —  </*M<r,  ja^iat. 


LMni/aMka,  t>-«f 
l.aaai  ihH,  pMarii*!  (d.  •>•> 
UMaadHMVi- 


loThra, 


tM» 


far.  wfj. 
~   -<  d^niUI  il 
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LtrMm^  cuncelKB*  in.  i  loj. 
ttwh  itf-i*] 
Ln«l  oaba*.  tea. 

—  —  <afKiirat.*ai. 
'—  —  laTinuM  tt,  As*. 

irtih  raonMi  <ciMiiigi,  tat, 

Uthinilwg^  AcoiM,  All. 
Liftioi  ■»««.  trvi 

—  M  (l«l*»M(IIMk    lAlBOBt- 

~«lfect  af  ■>■  HltntD^  I)«i 

—  «l«clrh,  Stl-t4& 

—  —  fa  licMbwCT.  B4J. 
UchlhouH  mtchioa.   rt:  nn. 

t  iijluiii^^  Ada 

^  dbmnii  tt,  A4L 

limh  »  acdoa  of  air^pum(^  tM- 

—  rfckjTEt,  }!«. 

Umw  Do*  «(k<M,  «u. 
~  dlanalaiUi  la  nwL  91^  «i> 
tiat  tl<sllin«iMi,  loit. 
Un^  FnmhWVh  »«». 
-kwbalc,  h^jrmBk,  iHiMk. 

•••(fclCh  Ml.feii.Ma> 

—  —  eniHa  racMiCK  t»f. 

—  —  due  19  ounul.  t)t,  jfl. 
mttn^it.  Ma. 

—  —  —  •hmni  b]t  Ulaffik  Cm 
T.llfc  ■(rinic  5»> 

—  «(  wIMi.  «*  FuiiMi 

UviU  lad  ^MsiH  lOiM  caaiaw- 

•Ul.  J}t. 

LiQHi4>  apamlm  vT,  «lj-t«& 

—  Cm]  iliar  ««<■  Ict^  iil, 

—  in  iHiKipaitlMB,  It. 
LiiHijqu'  ointa.  ga^ 
l.ccalac>iaa.«M. 

Ltdmoac,  «t]. 
L«C4f*«cd.tA>p«>iieaifioaid 

(lawsK  •!». 
LeolJiwIuul  Mid   iruavsic  n- 

—  iritmildiM  «  nd(  awl  iirinei, 

UakltC'RluMfc  9Tk 
Uop  KM.  j|». 
LaudiHia,  Sfl 
LuiiiiiiMinwi  alka.  «iT. 
L»»a«Uua  a>  vilvaiiic  ptu*. 
HI 

Hadiiat.  ddoka].  )7| 

Bimch'i.  tl|. 

Gucricks'^  Wj. 

—  —  Hivkibcc'i,  gn. 

BdB'^  }k- 

KainaVm. 

RimtdaaV,  Iff, 

—  —  WaurX  sn- 


UMbUn.  br^O'dMUic.   Arm- 

MkIho,  ■atiwa  Jawrii.  tN- 

UarWtaui  Iwnivlwv,  1*7' 

Hack  finatl.  *>> 

Mafic  liniiw.  Mja. 

UianM.  (ana  ai  Jifwi  mIhU 

—  MtM  aft  Ma,  W3 

—  wwisl.  ts> 

M^ndk  wii«m1««  aad  raiilil  m. 

tto.t6t. 
-ttant.«ty 

—  ORvai  ImcJ  bgr  tlia^  (M' 

—  BhIi.  laacinarT,  4n> 

—  boUmb.  ei«.  ftf). 
-muoMMb 

—  moaa.^ 

—  wUHaaa,  «7s 
U>c>>*<taHi  nnmaal  or  mMi*^ 

MasMllMlat by  ■wiMt  jM. 

—  ■eAott  «C  *it.  r^■ 

—  ifKOWMfan  •/.  M& 
UapM^tirnAcaalCH.  U*. 


Mafncioaictcnw  vfi 
lIiC«l»^l<  iMallM.  IIU. 
MiCiiltouln.  10)6 

—  ^Icnt,  •»««. 

—  br  ■Itwmpi,  nu. 
-bjrHkaMpt,  wt«.iat& 
Hatair  ptUflaeaK  ■>» 

HueA  MMtHd,  TM 
UaiMCaslin.  i|»-iTt 
Mainqolnc  flaiaM.  ^bA,  jyj. 
Mvdief  Goa^i^aaiHci,^!.  laae. 
Mawabawanf,  1^ 
llwielM'a  taaBla,  au. 
--  lia.  >«. 

—  luba.  ill» 

Mana'a Ii)m«""".  J» 

—  ud  ('■'telka  ynponioaBl 

—  couc  oC  «. 

Uairfcs  If  edbeitoc  *ImuU<t. 

Mauaiaai  Itiimwumy  tt}. 
Mainwff*  calwu  Un,  M^a. 

Mc*B  MnfOMWCb  !■■. 

*t  i^aiiiiii iriiiMiii  J 

—  cqaitikvt  ef  beat.  4Ai« 
-pswtn.ar'll- 
M«laiK>.  1^ 

MalboTi  a^ariaitfc  M'SSB^ 

—  nailiad  et  soalnuiac  4dk» 

Udclac-PHnia.  laUa  al,  jn. 
Mwl»MtaMtoiK»l>. 


MtoUie  hiHaalv,  (1^ 

—  ihcm^Man,  rrt 
Ucaaonc  Jwoo  id  vi't  kaH,*!)' 
Mvaonlagr,  an. 

!!■}«'■  mmlmt  i 

Mica  plu^i*  (^otla  I 

•!«•  >IM- 
Mlabil—  n  nhnqr^IMak  ita. 
MIOOWM^  Hia. 

is  ■■»>■■  1. 1» 

-riaiffa.K.f» 

—  ■*«,  Ha* 

Him,  tnmt  bv  itwHMm.  •»< 
Mini—    daiiMlaa    bf   |a^ 


Hinv  toila,  9«. 
Mint*,  ■•■it 
UimtalBonBias,  tyL 

—  gilina— ■.>iw 
Hina«,B7« 

~<ylMrtcMk 

-|w>b«lie.n>- 

—  **»(,  VfO. 

Hlam  of  olMn.  •••»•••« 

KuDii«a.<)aw*yAlit. 

-ballmn>AnaClk>. 

—  ■adiad  oC  >i«. 

Mad^rf^lLllAy.jC 
Uua  air,  dfiailiT  A  «h 


U 


dawi.p  1 


(J 

U.Ma«<ca.«te..» 
—  <r  liaet  aWn  y^M, 


Ik 


-••#■«■»•.  Ma.  Mk. 

UaBabai4.Hf  It  w  1^  ■  w. 
MaBHtnwiik  Itfa.  «,>«.  iiit 

Ma><aSa)pM»iia.  it, 
Mona**  talHi^A,  a>v  ••* 
-t<i.«»^  .%*.*«.■.) 
Hanar,  iinrr^,  )y| 

UHl*.U««<>l.tl-.l, 

—  ar^iml  ba*T  pc^aM  1. 


.iji. 

Uvawy,  aifaJM  tt  A-<*» 

Hcftdia*, ««(. 

M  Hi  Una,   ck«t    <<   ■i>»wlr. 

..  .*».. 


lbMaM^aHrtMM.u> 
MMi.t.>ia»af  —  A*.**, 

»•*■ 
UobliMl 
MiAiiaa.ai.1^1 

Mijilillli! »"' "^ 
H<NlMlaiaMi.>|» 

Kalra*^  •ItUMBl  ■••■*■  «« 
Nlwia  Wm«v  and  MnTftt 

Ktadla. 
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MhoB 


WillMlft— ll 

MiMaB't  apmBCBa  viih  bcb- 

—  tnalcaoli^  4|a 

—  !«—«<— «i«a.  ti-tf- 

—  >bp.t<il 

—  ■p«C<MMailMHIII.  (iA. 

—  ifcllirWiWhuliW.  IHB. 

KidMlm^krdMUMr.  III. 

KlMirt  Aiw^  Mb 

Noda  Md  iMiMda  I*  *,  !«■ 

l»tiV^»ML 

KtiK  uid  aaual  mhiiA  Ik. 
Mm  nkn  atnjlx^ii.  4>l. 


■  4» 

mluMwIindiilMiMin  |l» 

<*~^— .10* 

Olfclliiliiiiiiir.w- 
Owoni^  •ffiHCK  n* 

Oiilal  (cmn  W  iMh  m), 

—  CHBliMiaa  e(  Tiknlkn,  f>7- 

Of>k  ■»  ■  uHuaJ  crpcdfc  »■  >, 

—  ■■«•  ia  Wual  ii|Mili.  iiji. 

—  —  MM   W    ii^trilMt   •■. 

—  —  «««Ma«  lA  ti» 

Otrilhito^  coMi*  «f,  t>. 
Onrt«M^  tiik  fn.  ft>» 
O.Tl7dnt«M«rf!n«l«. 

I>.pW.diaMHr. /. 
Pliabahc nifrmi.  t)t,nl- 
hnclnM.  »}. 
Partdwt.  tiyjMUIk.  gi. 
Pmllcl  cuma^  f  |^ 

—  fwecfc  >-<» 

—  ■imn.tT*. 
ftnUdap—  of  facM,  J,  u 

Tiiii^illiiliiiai^llii  Ml  Hi 
Till  iriaiiMiBli  Mnatai  M.  I  n 


Ftelukui,  iBchna^acf;  •» 

IW«  f^  vr. 

rmktman  b|r*tKi>k  dtaduMlf. 

"ParpaariMilH,"*!. 
l%MMWmw«.»»». 

—  Mtrfll  It  mi  Ji»mr.  Its, 

FIWMHUAUlli,  OH. 

Fk^^Anwcc  tot). 

WlBguMf  mimwllf,  ijgi 
W«wgnfh|r,  ■«■■■ 
n««MMH^  fty^M 

fhw^  iTrmiw  oC  »i^ 

-  Miibd  W  <MdM.  «& 

ISiffi  diiihii,  tit. 

Hi— Miirw^  f^ 

^—  jf  pcUMiho.  ini.  11)1 

fhatfW  memtnT  twnrv,  )i(. 


^ihlai    «r 


F»ba  JiiiJM|i  iliifliiiiii.  }}L 


— «nMk,iiM 

—  hSmu^a^tn 

—  tUtAmrt,  U3^ 
-•f<lhlMl«.«<^ 

—  «f  riiwdw.  p<; 

—  pliBCSCMM,  ItyK 

MMmt.  >■<» 

untttk  aJTMi. 

iMrMMeff. 

n*IMlii*A>fa,«n 
PMrah,  (JMUk.  M. 


-■HiacMNMlmLjM' 

—  ud  tadyg^  dknlM^  4m. 

—  em  tl,  la  iMnvy.  n'- 

—  ••■«».  Ji- 

—  aqul  (•  MM  rffiB^WW.  Am. 
•-  lu  ulilix  M  fccca  wd  swt, 

-MCMkbUl. 

-•MiWudfMtKda. 

Frpihi,  OUa  (<  gv 

^  nnv^kB  ti,  tor  fmrii^,  |p 

—  kjrdnuuuC*. 

-'ndoMHS  dC  w  (bnhH  ■■» 
un.i|i. 

laalri 


hn*«^  Aiorf  at  ndliili*.  im> 
Mbht  Mid  MCOwWy  (Ki.  iM 

—  mil  ■IIBMHilll,  *■» 

MkIH  (K>4  vA  «is  •«<«. 
PHadMt  tfAfcMMdo,  «< 

—  of&iinm>N(» 
Mas  to  «Hic*,  isof  M<ft 

-Bictr»Mi*rnaiJrt.»»» 

Hi^tBlLii  byto.^  MB 

XT"*" 

MOti^MI. 

iMfi,  iMan  oC  M4 
•nv*  h*  ttMrii  db 


Pilh«|inm  wJftVi 
QmImi  ■imw—  n.  ti* 

— WmIM.*!. 

Qwnt  nM*  tliM  of  f  4Ht*- 
dM,it|a. 

—  ifwii|Bf«l  H  olns-nalM  nj*, 

bdLMkMMdlhk>.«ti. 
lt*diwtM,<A 

—  M  «ahttM  IMipMMna,  *M 

—  Mlwalt^tM- 

RainU:.  IIMkIi,  « 
RaiB^KC*.  «I7.  wi 
KawltMabl  lUr^  IJ|W<»WI«, 

to«pa«rt<fccntoii«tWii.)f|. 
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R«ilrii»  OT  iwfKillMi  M  ««— 4. 

Ru^crioc by  illiinilil'i  Mlb- 

-IniloiCiK 
-'  iM*  at,  >l« 

KmlM  pw,  diKWc*  in,  itt 
Kuia  tf  Uw  m  aniu  of  iteciii- 

tUrlEkh  OB  •l«att(d  *«^  fijt. 

lUBl  waildli,  Ijl. 

RsKilw,  *  15.  4*. 

—  of  hnlac  Jm,  #b  IBS.  M& 

—  of  m^nd  tm  Bunni,  tf*. 
KhI  and  iniatMii  F^uulaa,*;!. 
tUuimuft  idle,  vA). 
Bmiijwlibiarf  «h«  Uflit.  ia»j 
B  etuii^tt  [B^Bwrw.  11. 
JbtMnat  pw■ffifflia^Ml■  ■  ««* 
IU<*M  Ml  In  iraMf .  jM. 

Rcacdiaa  fomr,  w 

uUe  ef,  449- 

RcHiBtiBB  e(  bcM,  4m. 

—  i!<l<sht.a67. 

iRfCiiliir.  ffit,  icSl 

uMmI. 

—  oTHiind.W. 

—  iMnBaofaal  MDk  ■»*• 

—  M  plau  Hirluc,  Idea 

—  H  nhfriul  Hfiutk  ■«}■ 

—  daubU,  »Hi  DM. 

—  Stmualaa  opIuMltatf.'nvi 

—  ofMuad.Wf,  ma 

—  ttUt  «t  IndlMi  oC  tA 

—  unduUnqr«nlamil«Bat>IM 
R4faiii|iUk)',  itiHC*  bC  4M. 

lUfMBli  ca  vdodqr  •!  Mnia<k 

ML 
Rtgnkuh*!  HperiincaB  so  ttfVt 

Lit,  ■«;-.ji 

•  —  so  qp»1M  rfpMM,  *)< 

«a>pKU«kcM.MJ- 

—  —  oa  ivvu  pntBiM^  » >' 
— bniwuMt.  je4- 

—  hyfwUBMier,  jj^ 
l><«iiiiien  furdccDk  li(lt^  I44. 

RcfniiMDt  iu(Bc^a^77«L 
Ropkaubcr,  <jl 
R^Uliion.  Mf  AlmBian. 

—  ■  iiDTt  rttUblc  bat  thin  uifm-- 

^«^  ((*. 
Rtvilual  (harp.  Cll. 

—  mitnniun,  }^ 
Bwiitjnc  niik.T*^ 

—  dKBlal.  T'> 

nul  ihtnn^  evRHrrd.  rt« 

—  in  faa>M>7.  r)7. 

—  rfih4  4ir.4(bS» 


ItaMnUn.»|t 
IUHll«K.r 

—  WBs.MI- 
IUwnBl  of  W4(M  BMi,  «tj.  ii>f> 
ReroMd  4»MMi,  •«,  ■■& 
R«van>U*  <M>B*>  »"<■■.  t^' 
tAti^Bt  tt,  4**- 

RiNn  tv  petafint  acta.  I  ■■? 

—  MvwUb'^  ttil 

Kttk-mb,  ia  tiHtittwur-r.  4|>. 

4ti.  hA*. 
Redi,  tibmiou  i^pn- 
Romldt'  Inl^nyi.  tttpniniMm 

RKuinj  thkI  (4  BqiiU. )». 
Bmiiiii  af •aithuaSKluv  wind, 

—  i/aitnT.  «& 

—  tfflUH  B(p«l(riBtiOB,  It)*. 

ttou^oH,  ihaic-jTiiM«c  n»- 

—  (tsotre^MMtk,  ]<«. 

R«trtaaJ*>  WHitam.  I«f . 

X4y  *d4  lUwriirt— «i«f 


iUnAf4  M  bM  «r  bictiai.  4i« 
—  «B  lafiMh*  la  ^«m  41^ 
RBBfecTl  AcnuMiv*.  *». 

Rnihafgnl'tMlt-wtl.inm  lha> 

to. 


%b1.11>). 

Sdte  MhlitM  biaiw>»iH  of, 

Sikk  <lK4nl]Kl<  «f,  TU- 
SuMMt  ab.  i>4lgte  tC  •» 

Suwadta.  wpdlc,  A|& 
Siadw  tenor.  «M. 
Sttk.  MBkA  M- 
Sc4la.  iktnMMcaric,  (0^ 
ScuMRd  l«hi. «»).  Hia, 
—  fr*,  4W.  44^ 

Sctat%B-.»ll«lM..7M. 

Scm^  v^«  an.  «l4.  M» 


Stetaitrf  tmt.  «)a,  «A  •«■*> 

-  fit.  7»i. 

Siavi  t><r  c<  mttitn.  *i. 

$rxai».i>l  TibndM.  Uj.  ft,  )i4, 

RlOd  itatVpliMb 

SdUadMdaM**. 


Stkctlvt  •ma 


,Tii«i>fcj»*t>iiiW».» 

—  «<lhBBiiB  ,1.1.  (6;. 
S4aia(  ta  iwlfar*  ««,  Nb 

—  teiHiid.M'' 

Shock  ft»L.T-l«Ja.  1P>. 


^io^t 


wMi 


litmJmt 


llo«»fc»4J 

S-«hs  •»».■», 
SbwMa  owMM^  n» 

bVDMLUI,    IJI. 

-  far  aidpbim  tU.  •« 
-MOTTder.WL 

SirfUB.  (HtU  <(  HTf. 

Udc-vaWa.  «W 
«»lllK>lB<)n.< 

ML  loopvatw*  <<  m 

—  —Tiniinii.  •■■> 


S*lidifecw«..£^<<4 

*»*l«»-»4* 

—  mmd  nr*  al,  ■  >h 

—  U  n»— 8<  nmMr.  In 

—  hAkMm  aC  «^  nlk 

—  ibiJaiw  i*  «■>■,  (M 

MtMPtM  rf—np.  «». 
SfnusltdnK  MI. 

SpMk.  .iMOdbv  tf  t. 

«l"««t|pi«. 

bMtw^hBA^ 

lit  nm^md  ak.  i»i 

—  »«■  Dt  I*  Rb>*<  k^w»lb 
■ihiiltf  mO.  ]<t 

minWmlninii.— 


--ubl««CA 


OENKBAI.   IKDCX. 


llfiS 


fctiic  imi  al  iHo,  >)T.    Sir 

PnSpniAt  Hm*. 
--ttttaul.  ji4 


ipmmiGii.  1^ 


I 


SmmIh 


,dlw«*. 


•lM». 


aph 


■ki 


■I^Mtt 


8pk>M*l  lUUt  jif. 
Spirit -krtili,  iHHii> 

—  UMJnmtm.  «*7.  4> 
SpRBtcl'i  M-pavR  ^f^ 
Sprag'htltmet,  *. 

—  nhnliea  «!,  Mf. 

aqBm,  knnc  411>  *t°k  )*K 

SMbstr,  Ti->(.  >(. 
Sua  bn^HMMaf,  u|4. 


—  iptHrt  et  lotf- 


tlUH.lt4 


bMM.  FNMNll.  in. 

liw  we'**.  «» 

—  iKVBnIvT,  lilt 

SmLJu -^"Xlc  use  «»»- 

awwiimi.  i«j«, 

ftwfclMtH.  Iffc 

SrilLlM. 


tlmrnK  — IB«IK.  titi 

-K««llM.4rt. 

SiimIM  4n>lu>K.  itj. 
Snaigih  «f  cutnai.  «iK 

Siritoif  n«<  m. 

Strinc>t  vMnuiwM,  fit.  •<!■ 

.Ml. 


**f 


•4  HkUiOM,  >•» 


9arta|  <■•  ■»  iMOBiaaMM  a»- 

8x*tan*M>mk^4t}. 


.  7>i. 


—  ■alcMiiir  «»»■ 

—  CxTpar*!  a^uic.  In 
-«■).  ■■■-«•>. 

—  Mmm^  ■•»-•■•■ 


■u- 


'•■UM.IU 


^wr.; 


I.  (IT. 


Tii|« <.■». 

—  MM.  lit. 

-•rA*ik,til;. 

dxnBie  niiBWik.  jm. 

-ntoaf.  i^. 
T«itMk  dMUtb  AiK 

TtomaW  nfrHiin^  tn^ 

—  liinmliiHfc  11*. 
Toliivfariudu,  jtt. 
TWwy  ((acliHcn.  4|h 

TkcnaMhm*,  4t>- 

HicF»iiMfaaiie).iifilMi.  Tt> 

—  i<  noisily.  )M-f  JK 

—  -fib,  MD,  J4*.  T*» 
noMgnfAh  (Ti. 


-w«ii.i.m. 


Ilia  M^  adM<«l,~uit 

Amm^  J^  «■  ili^ir  ■mil. 

—~<m liinrl^ 4f4iiiim  pilal. 
_    >»'■ 


i/CiNnminfi,  y«ft 
■.  **» 

-nab*,  tn.  vu 

Tooo^  miit  aid  wint,  ((^ 
•-nHiliiM.yit. 

Twd«».  tn. 
TaniMUlM  miilMil.  Ml 
—  vKvuik  *«th«rat  In,  jb 

T<nlM4MM«c  H» 

ToUlMfcOlMLM^ 
T»BHI>il>,  ■•■«.  Mt» 

Ti—^iHH.  fcyJiiwfc.  w. 

TklMlMtH  1^  IMWtM,  > 

TMa^UiH*  (f  poinr.  ■), 
- rfyiiiwi  in  MdiL H. 

TWIIIwfai^ifliiiiii. !,» 
'nHvan  aftlfi,  ria 
'bMnVHHid  iH^toiiHl  nb> 

■■■■  •rv*^  9^ 

TTWclyBH  apuiBm.  U^ 

Triaack  <f  (imi.  A. 

TniB^M,  ijwlrtii  Md  ImhIiv. 

•I. 
TMkai.    inptvam    M     himiI 

^"^  w'l 

IwSrfT.  fcy^Mw.  114. 

T*a  ipKltt  koMt  d'Jftwini  M, 


(■Tin.  M^ 


UaAiUik 


MhMM4C*rf, 


—  Hiiluwry,  •»).  •().  (M. 
UMltawi     ~ 

-Md.n«. 


UbH  (f  ftn*.  M.  4lL 

Ihlu  IB*  ihri>  JlwMilMH,  Ut 
-CO.K..41 


U 


•4  itwifc  iH.  u» 


VaniM.  iwtMiin  oC|l» 
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Vifvui,  anannu  n    Vlumaf, 

'*    .  _!  . 

—  al  muugua  loHUs.  UL 

VfBui-iealill,  jn-!^ 

Vt^autfimtan.  ncmBtatcMMk 
3»*-»T»- ,     .      ,.    . .     _ 

VeJMrtk  cwnk, «!}. 
Vdaril7«(«ltciricitr,  far 

—  (rfuiiad  IB  tir,  Wo-U). 

—  —  —  in  BUB.  Mfc  «•«■ 
^  — <  ~^  Id  Tv|iiMt.  68j^ 
inBU^SM.««4. 

—  —  —  BdHnBoIly     inifi 

■Wa.t)|.l»f 
VraaoaoHUu.  aif. 
VtnMt.  lit. 

ViikuUf  Hut.  «>> 

VukU  In  wwiJwilnfc  ■>!. 

— 4f  «F4hMT  Uaktt  i)ji 

•-  «r  plana  loVviied  tifln,  u ji 

—  Unu/rtnn    uA    tuvhuduuJ. 

—  «Im>i  uhIL  JtBttnuioiifc  jt. 
VOfneepc  gat. 

V3nul  inuca.  fCr.  gM;  »>> 
Tidaa,  isji. 

Vitnoiu  wd  nriaon  ilKVicitv. 

Tdlalcan^  •«*-•«> 

—  ttnttidir.  ML 

—  (kinial.  ttl. 


ValUMIM,  M». 

Vahab  clMise«4  boDiwduiaa, 

latipwtiiw.  181. 

Votana  aeuatd  by  vcifhiiff  ja 
wHer,  tia 


Wii>.  (BB^i^-Ulir  gl. ».' 

—  coadii«Jvtl]r  W.  «f}. 

—  COMOIiUllBrf,  gi], 

—  ilrQHl^K  ovUewv,  («t. 

—  tfc«tn«y^»  sT.  ri> 

—  .eqidnkari  t(  a  btdr,  J » 

—  upamioB  of.  tyt- 

—  Iml,  dp. 

—  BaidiiMB  dcwil)' «(  *■*. 

—  fpccits  baw  of.  ttt. 

—  >peiw.<ai. 

—  ■Vrtr'fwm.ii*. 

—  *£ekr  •(  HOBd  bb  *•» 
WaWiiiCint.  ddenib  N» 
Walt^  ifia  aitiac.  aw-W*- 

— Ii  aiitit  iflichi,  iiijL 

ilBBaA  *T«-  tW- 

nbdaa  «(.  la  •aUblf  aad 

IkaqgncT.  *T4-*«^»<« 
Wair*«iflM*.  nil,  ■•!■> 

—  litttf  «C  &cM.  IBM 

—  bwanr.  Ml. 

—  wWi  OMUM  laaj,  jr. 
We>(hl  aCKud  br  air.  aaf. 
"Wci(U*anliifwiu.H(. 
WciilwtbcaniaBcur,  ■*). 
Wall  ikiiaianut.  Mt. 
Watkdn^t  opBiKaa  a*  tcW 

olya«niMd.Mfcta4. 

w.-ddtrWKjM. 


WIpatMnH'*  aM 

—  MoSali  dnv.  )f7.  t^ 

-  iBl*>^  Mfagia*^  aaa.  I 
Wh^a^aa^ia 

WUrt,  <l*«*.*Mt. 


ice,  JfO. 

WlxL^waaCsM. 

—  ^Ikai.  ail. 
ataaiBiiita 

Waur'a  alaaiiMl  I 
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